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@ TrQno-6-]2^oiibotitMedpyrrol*1-yl)alhy(-pyron-2-one Inhibitors of cholesterol synthesis. 

@ 6-(2-(Sub8tltuted-pyrrol-1-yl)ailcyl)pyran-2-one8 of for- 
mula I 

H OH 




and the corresponding ring-opened hydroxy-acids derived 
therefrom ere potent inhibitors of the enzyme 3-hydroxy-3- 
methylglutarylooenzyme A reductase (HMG-CoA reductese), 
and are thus useful hypolipidemic and hypocholesterolemic 
agents. Pharmaceutical compositions containing such com- 
pounds, arvj a method of preparing the compounds are also 
disclosed. 
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TRANS-6-[ 2-( SUBSTITUTEDPYRROL-l-YL)ALKYL]- 
PYRAN- 2 - ONE INHIBITORS OF CHOLESTEROL SYNTHESIS 

The present invention Is related to compounds and 
pharmaceutical compositions useful os hypocholesterolemic 
5 and hypolipidemic agents. More particularly* this 

invention concerns certain tT£n5-6-l2-CsubstItutedpyrrol- 
l-yl)olkyll*2-ones and the corresponding ring-opened 
acids derived therefrom which ore potent inhibitors of 
the enzyme 3-hydroxy-3-methylglutaryl*coenzyme A reduct- 

10 ase (HMG-CoA reductase), pharmaceutical composition 

containing such compounds, and a aethod of lowering blood 

- r- serum cholesterol levels employing such pharmaceutical 
compositions. 



.2. 79SS9 
Qi^h iovoio 92 bleed eheSootopel onS bl q6 U^lQo 
opo e ndltlena trhleh oro Jnvelvod in feho ©noofe @? 
ortorloccloroolOo It Id woll known fehot inhibifc©ro ©£ 
HMG-C©A roductoDQ oro ofgocfeivo in leaping tho lovol ©2 
5 blood plosmo cholootorel^ oopeciolly low ^Gnoity aipo« 
protoln cholQDtGrol (LDL-€) ^ in Don {e2o Mo So Brown and 
J. L. Coldctelftp Mow Englond Journol o£ Medleino (1981) « 
3eSr No. 9, 51S-S17). It boa now boon ostobliohod thot 
lowering LDL-C lovels affords protoctlon 2roa coronory 

10 heart diseeBO (cf o Journol og tho i^erican Mod teal 
;Vs80ClQtlon (19e<l) 251, MOo 3, 351-37<!)o 

Morooverp it lo known that certain derivotivoc of 
aevfilonic acid O^S-dihydroay-S-aothylpontanoic acid) and 
the corrosponding ring-^cloBod lactone fora, laevalono- 

15 lactone I inhibit tho biosynthesis of eholQSterol (ef. F. 
«• Singor ot oX^^ Proc> Soe, Expogp Biolo Red, (1959), 
lQ2 f 270) and Po S. Hulchor, ftrcha SiochQQo Biophys. 
(1971), 1^, <122o 

United Statos Patonto 3,9B3,X<10| <lpO<l9,<195 and 

20 4,137,322 dlscloDO the forDentotive production ®f o - 
natural product^ now called cospaetSnp fibov&ng on &nhibi-* 
tory effect en ebolestorol biosynthosiOo Coapactia 
has been ohown to bavo a coraploa otruetufo ^ieb ineludcQ 
a Qovalonolactone ooiety (Brown ot oloo 3» Chca, Soco 

25 PQg^*» (1976)^ 1165. 
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United States Patent 41^255, to Oko g O ?^l7c 93 S-® 
closes sevcrol synthetic derivativQS oZ sievfilonolactone 
bovlng ant ilipideralc activityo 

United States Patents <I,19S,^25 and <I, 262, 013 t 
nit.sue et al. disclose arolltyl derivatives o£ mevalono- 
lactone which are useful in the treatment o£ hyperlipid- 
esiia. 

United States Patent <l«375»475 to Willard et al. 
discloses certain substituted 4-hydroKytetrahydropyran- 
2-ones which, in the <1 {R)* trans stereoisomer Ic form, are 
inhibitors of cholesterol biosynthesiSo 



In accordance with the present invention, there are 
provided certain trans-6-{2-(substi.tutedpyrrol-l-yl)- 
alkyl]pyran-2-ones and the corresponding ring-opened 
hydrosy-acids derived therefrom v/hlch are potent Inhibi* 
tors of cholesterol biosynthesis by virtue of their 
ability to inhibit the enzyme 3-hydroKy-3-methylglutaryl- 
coenzyme A reductase (HnS*CoA reductase). 

In particular, in its broadest chemical compound 
aspect, the present invention provides compounds of 
structural formula I 



R OH 




tfherein X is -CH^-, -CHjCH^-, or -CH (CH2)CH2-o is 
l*n£)phthyl; 2*naphthyl; cyclohexyli norbornenyl; 
phenyl I phenyl substituted by fluorine^ chlorine, 
hydroxy, trif luoroaethyl, oltcyl of froa one to four 
carbon atoms, alkoxy of from one to four carbon 



^ 0179559 
otocnSp or olkanoylojcy of izom ttro to eight carbon atoms; 
3-^ or 4-pyrldinyl; 2-^ ©r 4-pyrldinyl-N-oJtide; 



vhere is alkyl of froa one to four carbon a tons and 
hal* Is chloride, bromide, or lodideo find Rj are 

independently hydrogen; chlorine; bromine; cyano; 

10 trif luoromethyl; phenyl; olkyl of from one to four carbon 
atoms; carboalkoxy of froa tvo to eight carbon atoms; 
-CH^ORg where Rg is hydrogen, olkanoyl of from one to six 
carbon atoms, or where R^ and Rj are -CHjOCONHR^ where R^ 
is alkyl of from one to 8i:c carbon atoms, phenyl, or 

15 phenyl substituted with chlorine, bromine, or alkyl of 
from one to four carbon atoraSo Rj find R^ may also, when 
taken together with the carbon atoms to which they are 
attached, form a ring denoted by 



or 




5 



20 




where n is three or four; a ring denoted by 



25 




a ring denoted by 



30 



O 
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whtr* is hydregtn, alkyl of fr m ent to tlx carbon 
atensi phenyl* or bansyli r a ring dtnetad by 



whert and R^^ are hydrogen, alkyl o£ from one to four 
carbon atoms, -or benzyl. 

is alkyl of from one to four carbon atoms, 
cyclopropyl, cyclobutyl, or trif luoromethyl. 

Also contemplated as falling within this aspect of 
the invention are the corresponding dihydroxy-acid 
compounds of formula ZI corresponding to the opened form 
of the lactone ring of compounds of formula I 



CX)H 




II 

where R^, R^, R^, and R^ are as defined above, and the 
pharnaceutically acceptable salts thereof, all of the 
compounds being in the trans racemate of the tetrahydro- 
pyran moiety. 

In another aspect of the present invention, there is 
provided a method of preparing compounds of formula I 
above by (a) first reectti^ a substituted [ (pyrrol-l-yl) - 
alkyl] aldehyde compound of formula III 



35 III 

where X, R^, R^, R^, and R^ are as defined above, with 
the alkali metal salt of the dianion of methyl aceto~ 
acetat to form a compound of structural formula IV 
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XV 



vhere X, K^, R^^ ond are as defined above 9 then 
successivly (b) reducing conpound IV brith a trialkyl- 
borane and sodiua borohydride and (c) oxidizing trith 
alkaline hydrogen peroxide to produce an acid compound of 
foraula V 



end finally (d) cyclizing, if desired, the acid compound 



heating in an inert solvent or^ olternatlvely converting, 
if desired, the acid compound of formula V to a pharma* 
ceutically acceptable salt. 

In another aspect, the present invention provides 
pharmaceutical compositions, useful as hypolipidemic or 
hypocholesterolemic agents, comprising a hypolipidemic or 
hypocholesterolemic affective amount of a compound in 
accordance vith this invention as set forth above, in 
combination tfith a pharmaceut ically acceptable carriero 

In another aspect, the present invention provides q 
inethod of inhibiting cholesterol biosynthesis In q 
patient in need of such treatment by administering a 
pharmaceutical composition in accordance trith the present 
invention as defined above o 

In o first preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above tfherein SI So -CB^CB^-, &o 



HO HOH H 




V 



of formula V to a lactone compound of formula I by 



OS defined Dbovc^ ^2 ^3 indepenoently 
chlorinQ# or brominQ, ond is qs defined Qbove» 

In £t second preferr d suboeneric chemical compound 
fispectr tho present invention provides compounds of 
formula I above where K is -CH^CHj-t *^ 

5 phenyl or phenyl substituted by fluorine^ chlorine, 
hydroxy, tr if luoromethyl, alkyl of from one to 
four carbon atoms, alkoxy of from one to four carbon 
stoms, or alkanoyloxy of from tuo to eight carbon atoms, 
or where Is 2-, 3-, or <-pyridinyl; 2-, 3-, or 

le «-pyridInyl-W-oxide, or 

^ Jl. hal* 

W 




15 

where is alkyl of from one to four carbon atoms and 
hal' is chloride, bromide, or iodide. In this aspect of 
the invention, ^3 preferably Independently 

hydrogen, chlorine, or bromine, and R^ is alkyl of from 

20 one to four carbon atoms or tr if luoromethyl • 

In a third preferred subgeneric chemical compound 
aspect, the present invention provides compounds of 
formula I above where X is -CH^CH^-, R^ is phenyl or 
phenyl substituted by fluorine, chlorine, hydroxy, 

2S tri f luoromethyl , alkoxy of from one to four carbon atons, 
or alkanoyloxy of from two to eight carbon atoms, R^ and 
R^ are independently hydrogen, chlorine, or bromine, and 
R^ is Isopropyl or trif luoromethylo 

30 Xn D fourth preferred subgeneric chemical compound 

aspect 9 the present invention provides compounds of 
forauSo X above where 5C Ib -CHjCH^-ff ond R^ 
is phenyl or phenyl substituted by fluorine^ chlorine, 
trif luoromethyl , £ilkyl of from one to four 

35 corbon £)toms, olkoxy of froa one to four carbon atoms, or 
alkanoyloxy of from two to eight carbon otoas, or where 
Rj is l-naphthyl, or 2-naphthyl. In this preferred 
aspect of the invention, R^ ^3 Independently 
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Siyfirogcn, chlorlno^ broolno^ cyano^ trSZluoroaethyip 
phsnyj^ olkyl froa no Ito £our corbon otoas, 
corb olkoKy 2 a tw t eight carbon atoao, -CH^ORg 
tfhero Sb hydrogen or alkanoyl ©f froQ one to cla 

5 carl>on atoas^ -CH^OCONHR^ where is olkyl of from one 
to Bix carbon atoas^ phenyl ^ or phenyl substituted with 
chlorine^ broaine^ or alkyl of from one to four carbon 
atoBSo In this aspect of the invention Rj and may 
also, when taken together with the carbon atoms to which 

1© they are attached, foria o ring denoted by 



15 where n is three or four; q ring denoted by 




20 a ring denoted by 

O 




28 Rjo^ 



25 trhere Rg is hydrogen, alkyl of from one to four carbon 
atoms, phenyl, or benzyl} or a ring denoted by 

where Rg and R^^ are hydrogen, alkyl of froa one to four 
carbon atoas, or benzyl. In this aspect of the 
invention, R^ is preferably alkyl of froo one to four 
carbon atoas, cyclopropyl, cyclobutyl, or trifluoro- 
35 raethylo 

In Q fifth preferred subgeneric chealcal compound 
aspect, the present invention provides compounds of 
foroula I above where X Is •CH^CHj-, and Rl 



10 



l« phtnyl or phtnyl substfturtd by <luorln»° \hl®?i??, 
trlfluoroBtthyl, slkyl of from no t four carbon otoias, 
•Ikoxy of fron one to four ctrbon otomi , r alkanoyloxy 
of froB two to oight carbon atoms. and Rj 

are preferably Independently hydrogen, chlorine, bromine, 
phenyl, or carboalkoxy of from two to eight carbon atoms. 
In this aspect of the Invention Rj and R^ may also, when 
taken together with the carbon atoms to which they are 
attached, fora a ring denoted by 




15 where n is three .or four; a ring denoted by 

O 




28 where Rg is hydrogen, or alkyl of from one to four carbon 
atoms; or a ring denoted by 



25 



3f 



35 



I 



'10 



where Rj and R^^ are hydrogen or alkyl of from one to 
four carbon atoms. In this aspect of the invention, R^ 
Is preferably alkyl of from one to four carbon atoms, 
or trifluoromethyl. 

Xn-« sixth preferred subgeneric chemical compound 
aspect* the present Invention provides compounds of 
formula I above where X Is -CHjCH^-. Rj is Is phenyl or 
phenyl substituted by fluorine, chlorine, trifluor- 
methyl, alkyl of from one to four carbon atoms, alkoxy of 
from one to four carbon atoms, or alkanoyloxy 
of from two to eight carbon atoms. R^ and Rj are 
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preforobly independently cdrbofilkoxy f £rom tv^o to eight 
corbon etons or^ when tfitcen together with the carbon 
atoms to which they dre ottdched fora a ring denoted by 



tfhere Rg is hydrogen or alkyl of froa one to four carbon 
atoaso In this aspect o£ the Invention^ is preferably 
isopropyl or tr if luororaethylo 

used throughout this specification and the 
appended claims, the tera °alkyl° denotes e branched or 
unbranched saturated hydrocarbon group derived by the 
removal of one hydrogen atom froa an allcane. 

The term ""alkoxy" denotes an alkyl group, as just 
defined, attached to the parent molecular residue through 
an oxygen atom. 

The term ° al kanoyloxy° is Bieant to denote an alkyl 
group, as defined above, attached to a carbonyl group and 
thence, through an oscygen atom, to the parent molecular 
residue • 

The term ^'carboalkoxy" is meant to denote an alkyl 
group, as defined above, attached to an oxygen atom and 
thence, through a carbonyl group, to the parent molecular 
residue. 

The term °norbornenyl° denotes a group derived by 
the removal of o hydrogen otoa (other than £it 
bridgehead carbon atom) froQ bicyclo[2.2.1Ibept-2-ene. 



O 




^ It ^ 01795S8 
Spoeifie Qsomploo of compoundo contQmplotQd oo 
2olHn^ i^ithin tho oeopo tho prooQnt invontlon include 

tr£no-6-t2-l2-Cyclobutyl«5-(4-fluorophsnyl)*iH- 
5 pyrlrol-l-yllGthyl] totrQhydro-4«hydroay-2H-pyron-2-ono. 
tranB-6»I2-I2«Cycloh0KyJ«5-(<l-fluorophonyl)-lB« 
pyrr©l-l«yllothyll tetrQhyaro-fl-hydro«y-pyrQn-2-onQo 

trans -To trohyd ro-4«hydro»y-6- [2- (2-a© thyl-S- 
phonyl-lH-pyrrol-l-yl)©thyl3-2H-pyrQn-2-on©o 
1@ trons-fi- 12« ( 2- {4«Chlorophenyl ) -S-aothyl-lH- 

pyrrol-l-yl] othyl] tQtrahydro-<i-hydroKy«2B-pyran-2-one. 

trons-To trohydro-fl-hydro«y-6- 12- 12« {4-»©thoxy- 
phenyl ) -5-aethyl-lH-pyrrol-l-yl 1 ethyl ] -2H-pyran-2-one . 
trana-6-{2-[2-(Ci#l*-Biphenyll-4-yl)-5-aethyl- 
15 lH*pyr rol -1-yl ) ethyl ) tetrahydro-4-hydro«y-2H-pyran-2-one . 
trans -Tetrahydro-^-hydrogy-6-[2-'t2-aethyl-S- 
[3- ( tr i f 1 uorooe thyl ) phenyl J -IB-pyr rol-l-yl 1 ethyl 1 -2H- 
pyran-2-one. 

trans-6-l2-t2-(2,5-Dimethylphenyl)-5- 
28 (l-methylethyl)-lHi-pyrrol-l-ylJethyll t6trahydro-4- 
hydro»y-2H-py ran-2-one • 

trans-6-(2-l2-(2,6-DiBethoxyphenyl) -5- 
(l-oethylethyl )-lH-pyrrol-l-yl] ethyl 1 to trahydro-4- 
hydr oxy-2H-pyrQn-2-one « 
25 trans-TetrQhydro-<l-hydroKy-6-l2-I2-aethyl-5- 

( 2-naphtholenyl ) -IB-py rrol-l-yl ] ethyl] -2B-pyran-2-one • 

trans -6- 12- (2- (Cyclohe«yl-5-tr l£luoromethyl-lB- 
pyrrol-l-yl) ethyl] totrahydro-4-hydro»y-2]^-pyran-2-one. 
trans -6 - 1 2- 1 2- {<l-Pluorophonyl ) -3 ^ <J-dittothyl-5- 
33 (l-Qothylothyl) -IB-py rrol-l-yl) ethyl] tetrahydro-4- 
hydroay-2B-pyrQn-2-onQ • 

traM-2-(4-Pluorophenyl)-5- (l-iaQthylothyl)-l-I2- 
( tetrahyd ro-«-byd r oxy-5-oao -2fl-py r on-2-y I ) o thyl 1 -IB- 
pyrs-olG-SffS-dicarboffyllc ocid. 
35 trans- 2-«i-gluoroPbenvl)Ha^i,M^i,ia'^nia^-tQtrQoethyl- 
5-(l-Bethylethyl)-l-t2-(tctrahydro-4-hydroKy-S-o»o-2B- 
pyran-2-y 1 ) e thyl ] -IB-pyr r ol e -3 , 41 -d 1 ca r boxaalde • 
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tron$-S-l2«-I3,^-Olchlor -2-(3-fluor phenyl)-5- 

(l-roethylethyl)-lH-pyrrol-l-ylJ<2thyl] tetrfihydro-4- 
hydrojcy2H-pyran-2-on©o 

trans-2-(4-Fluorophenyl)-5- (l-methylethyl)-l-t2- 
5 (tctrahydro) -4-hydro«y-6-oxo-2H-pyran-2-yl)ethyll-lH- 
pyrrole-3, 4-di carbon! trile* 

trans -6- 1 2- [ 3 , 4-Diace tyl-2* (4-£luorophenyl ) -5* 
{l-methylethyl)-lH-pyrrol-l-yll ethyl] tctrahydro-4- 
hydroxy2H-pyran-2-one. 
10 trans -Diethyl 2-{4-riuorophcnyl)-l-I2-(tetrahydro)- 

<l-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-5-(trifluoronethyl)- 
iJ|~Py"ol«"3' 4-dicarboxylate. 

trans-Bis (1-methylethyl) 2- (4-Fluorophenyl) -5- 
{l-»ethylethyl)-l-[2-(tetrahydro)-4-hydroxy-6-oxo-2H- 
15 pyran-2-yl) ethyl] -lH-pyrrole-3,4-dIcarboxylateo 

trans-6-I2-[3,4-Diethyl-2-(4-fluorophenyl)-5- 
(1-methylethyl) -IH-pyrrol-l-yl] ethyl] t«trahydro-4- 
hydroxy-2H-pyran-2-one . 

trans-6- 12-12- (4-Fluor ©phenyl ) -3, 4- 
20 bis (hydroxymethyl) -S-d-oethylethyD-lH-pyrrol-l-ylJ- 
cthyl) tetrahydro-4-hydroxy-2H-pyran-2-one. 

trjns-l-Methylethyl 4-Chloro-2-(4-f luorophenyD-B- 
d-methylethyl) -1- l2-(tetrahydro) -4-hydroxy-6-oxo-2H- 
pyran-2-yl) ethyl ] -IH-pyr role-3-carboxylate . 
25 trans -6- 12- [4- (4-nuorophenyl)-6-(l-roethylethyl)- 

IH-f uro 1 3 , 4-c] py rrol-5 (3H ) -yl ] ethyl ] tetrahydro-4-hydroxy- 
2H-pyran-2-one o 

trans-6- 1 2- 12- (4-Fl uo rophenyl ) -5- (l-me thyle thyl ) - 
3,,<J-blsI I [{phenylaaino)carbonyl]oxy]aethyl] -IB-pyrrol- 
30 l-ylj ethyl] tetrahydro-4-hydroxy-2B-pyran-2-oneo 

trans-l-Methylethyl 4-Chloro-5-C<!-fluoropbenyl)-2- 
(l-sethylethyl)-l-l2-(tetrahydro)-4-hydroxy-6-OKO-2H- 
pyran-2-yl) ethyl ]-lH-pyrrole-3-carboKylatGo 

trans -Ethyl 5- (4-Fluorophenyl)-J-l2-(tetrQbydro)-4- 
35 hy6rojcy-6-oxo-2B-pyran-2-yl)ethyl]-2-(trlfluoroQethyl)- 
lH-pyrrole-3-carboxylate. 



0179558) 

t£onc-Ethyl 5- (<I-F1 uorophonyl ) -2- ( J-»othylo thyl ) - 
<l-phQnyl-l-t2-{totrahydro-fl-hydro»y-S«o»o-2H-pyrQn-2- 
yl)Qthyl]»lH~pyrrolQ-3-eorbo»yloto. 

trens-S- 12- 11- (4-Fluorophenyl ) -4 , 5, 6, 7-totr 6hydro-3- 
5 »Qthyl-2H-lsoIndol-2-yllethylltctrahydro-4-hydroicy-2H- 
pyran-2-onGo 

tron5-4-(4-nuorophenyJ)-2-Eaethyl-6-(l-BethylGthyl)- 
5-t2-(tetrahydro-4-hydroxy-6-o»e-2H-pyran-2-yl)ethyl]- 
pyrrolot3,^-cJ pyrrole-l,3(2Hr5H)-dIoneo 
18 trans-6-I2-tl-(<l-Pluorophenyl)-5,6-dlhydro-3- 
(l-Biethylothyl) pyr rolo 1 3, «-cl pyrrol-2 (4H) -yll ethyl] - 
tetr&hydro-4-hydroxy-2B-pyran-2-onG. 

t^ans-6- 12- [1- (^-Pluorophenyl ) -5 p S-dihydro-5- 
B>ethyl-3-(l-methyl©thyl)pyrrolol3,4-cl pyrrol-2(4H) -ylj- 
15 ethyl] tetrahydro-«-hydroxy-2H-pyran-2-oneo 

trans-6- t 2- [ 3-Chlor 0-5- (4-f luorophenyl ) -2- 
(1-methylethyl) -4-phenyl-lH-pyrrol-l-yl] ethyl] te trahydro- 
4-hydroicy-2H-pyran-2-one . 

trans -6- 12- [2- «-riuorophenyl ) -5- (l-oethylethyl) - 
2fl 3p<l-diphenyl-ia-pyrrol-l-yllethylltetrahydro-«-hydroxy- 
2B-pyran-2-onQ o 

Particularly preferred compounds in accordance with 
the present invention are: 

trens-6-l2-I3p<l-Dichloro--2-(4-fluorophenyl)-5- 
25 (l-»ethylethyl )-lH-pyrrol-l-yl] ethyl ltetrahydro-4- 
hydroxy-2H-py r an-2-one . 

trans-6- (2-13^ brono-2- {<l-£luorophenyl ) -5- 
(1-ae thylethyl)-lH-pyrrol-l-yl] ethyl Jtotrohydro-fl- 
hyd«'oi:y-2H-pyran-2-onG o 
30 trang >6"I2-I2-(4-Fl uorophenvD-S-ttrigluoroaethyl^- 

iB-pyrrol-l-yl) ethyl ]tGtrohydro-<l-bydrosy-2B-pyrDn-2-one. 

trans -Diaethyl 2- (4-?l'uorophenyl ) -5- (l-oethylethyl ) - 
1-12- (tetrahydro-<l-bydrDsy-6-oso-2B-pyran-2-yl) ethyl] - 
lH"Pyf ?o1q-3 9 <l-di CQ rboaylofco o 

35 trj0ns-6-[2-t2-(4-FluorophQnyl-5-aothyl-ia-pyrrol« 
1-yl] ethyl) tetrahydro-<l-hydro»y-2B-pyran-2-one* 
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rrans-6- {2-(2- (^-Fluorophenyl-S-Cl-aethylothylj- 
lH-pyrrol-l-ylJethylUetrohydro-^-hydroxy-SH-pyran-S-one. 

trans-6- [2-l2-Cyclopropyl-5- lu rophenyl ) -IH- 
pyrrol-l-yl] ethyl ltetrahydro-<-hydroKy-2H-pyrfin-2-one. 
5 • tr6ns-6-t2-t2-(l,l-DifDethylethyl)-5- 

(«-f luorophenyl) -IH-pyrrol-l-yl J cthylj tetrahydro*^- 
hydroxy-2H-pyran-2-one* 

tTans-Tetrahydro-4-hydro)cy-6-[2-U-(2-rnethoxy- 
phenyl ) -5-tri f 1 uoromethyl-lH-pyrrol-l-yll ethyl] -2H-2-one . 
10 t£ens-Tetrahydro-4-hydro5cy-6-[2-l2-{2-methoKy- 

phenyl)--5-(l-inethylethyl)-lH-pyrrol-l-yllethyl]--2H- 
pyran-2-one. 

t]rans-Tetrahydro-4-hydroxy-6-I2-I2-iDethyl-5- 
(l-naphthalenyl)-lH-pyrrol-l-yl] ethyl ]-2H-pyran-2-one. 
15 trBns-6-(2-(2-Bicyclol2.2.1]hep-5-en-2-yl-5-inethyl- 
lH-pyrrol--l-yl) ethyl] tctrahydro-4-hydroicy-2H-pyran-2-one. 
rran£-6- 1 2-- 1 2- (4-Fluorophenyl ) -5- (1-jnethylphenyl ) - 

IH-pyrrol-l-yl] propyl] t€trahydro-4-hydrojty-2H--pyran-2- 
one. 

20 Compounds of the present invention where and 

are hydrogen are prepared by the methods outlined in 
Reaction Sequence 1 or Reaction Sequence 2o 
As shown in Reaction Sequence 1, the aldehydes, VI, are 
reacted with the appropriately substituted vinylketones, 

25 VII, in the presence of the thiazollua salt, VIII, and a 
base such as tr iethylamine, to produce the diketones, IX. 
(See Anq, Chem> Int, Ed> , 15: 639-712 (1976)). 

The diketones, IX, are reacted with an omega-aaino- 
alkylnitrile (compound Roman numeral ton where the value 

30 of X is methylene, ethylene, or l-aethylethylene) in 
acetic acid to produce the disubstituted pyrrole 
nitriles, 3CI. 

Treataent of the pyrrolo nitriles, XI, with 
diisobutylaluminua hydride in an inert solvent such 

35 dichloromethane produces the corrosponding pyrrolo 
aldehydes, XI I « 
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0 0 
CCl * R,CCHoCH 



1 



2" -"2 

VII 



M 



^X-CHO 



XII 



O 



o 

0 



OH 



RlCCHjCHjCRj 




IX 



B,C^^S CI 



J 



VIII 



HOAc 

HjN-X-C N 
X 



Di isobuty laluninum 
hydride 

<3 . 



XI 



NaLi (CHjC-CH-COOCHj) 




OH O 

^^CHjCHjCHCH^CCHjCOOCHj 1) Tributylborane 

2) Sodium borohydride 



3) HjO^, OH- 



XIII 



H OH 




I I H''ob HX)H 



XIV 



React! n of the pyrrole oldchydeSa Xll^, ^9h7^559 
dilithiua or lithium sodium selt methyl cicetoacet&tQ 
produces the 7- (substi tutedpyrrolyl)-5-hydroKy-3-o»o- 
beptano&tes, XI2Z. The heptanoates, XXXZ, are dissolved 

5 in a polar solvent such as tetrahydroZuran, through %fhich 
a small quantity of air has been bubbled. A slight 
excess of a trialkylborane, such as tributylborane, is 
added to the aixture uhich is then cooled to £i 
temperature of preferably between obout ®®C and -78^C 

10 after tfhich sodium borohydride is Ddded» 

After stirring this taiscture for about one to tvo 
hours, the mixture is oxidized tfith basic hydrogen 
peroxide. The reaction produces the 7-(substituted- 
pyrrolyl)-3,5-dihydroxyheptanoic acids, XIV, in vrhich the 

15 product contains a predominance of the desired R , R 
configuration at carbon atoms three and five vhich bear 
the hydroxy groups. 

The acids may be converted to a corresponding 
pharmaceutically acceptable salt by conventional methods 

20 or, alternatively, cyclised to the S-[2-(substituted- 
pyrrol-l-yl) alIcylJpyran-2-ones, 1, by dehydration in an 
inert solvent such as refluxing toluene uith azeotropic 
removal of watero This cyclization reaction is found to 
produce material containing from 85-90Q of the desired 

25 active trans -configuration of the <i^hydroxy group 

relative to the 6- (substitutedpyrrolyl)allcyl group on the 
pyran-2'-one lactone ring • 

Alternative procedures for preparing compounds of 
formula \ ^his invention vhere £^nd are hydrogen, 

30. qim9 for preparing interraedistes, oro illustrated in 
Re&ction Sequence 2o As ohom in l^eaction Sequence 2, 
tb<d dittetones, XX, can be prepared by reocting the tcnown 
olpha-haloketones, SCV, vitb the Qodiua oalt of Ccnom 
beta-ketoesters, XVI, followed by hydrolycis utA 

35 decarboxylation in the conventional aannQro The 

diketones, IX, are reacted tfith amaoniuQ acetate in 
acetic acid to produce the cyclised 2,5-disubstituted 
pyrroles, XVII, 
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0 

II 



0 

II 



(X o halogen) 



0 

II 



0 
II 



RjCCHjCHCRj 

COOC2H5. 



JCV 



'1 



H 



XVI 



HH^OAc 



HOAc 



XVIII 



0 O 
II M 
RjCCHjCH^CRj 



IX 



i 



HjN-X-OH (XVIII) 



1) N&B 

2) Br-X-CH(OCH3)2 (XXI) 



3) B , HjO 



X-CN 



^-CHO 



(XXII in 
Reaction 
Sequence 1) 



3CVIZZ 




XX (XIII in Reaction 
Sequence 1) 



X-OH 



XIX 



An oltcrnetiVQ for this otep, profcrrod w^ol^ft®^^® 
ond/or ore ctoricolly bulky groups, involves rcoctlon 
oi the dlketones, DC, Hith on ofnego-hydroKyolkyl emine 
(compound XVXIX tfbero X lo siethylenQ, ethylene , 

5 1-aethylethylene) IT to produce the (omega -hydr oxy- 
altcyl)-2,5*disubstitutedpyrrole5, XIX. 

The 2^5-difiubstitutedpyrroleSp XVII, ore converted 
to the omega- (3ubstltutedpyrrolyl)Qldehydes, XX, by 
sequential reaction uith sodium hydride, a l,l*dinethoxy- 

10 omega-bromoalEcane (compound XXI inhere X is methylene, 
ethylene, 1-methylethylene , or vinyl), and then acid. 
The aldehydes, XX, are subsequently used in the 
preparation of compounds of formula I of this invention 
as illustrated above in Reaction Sequence 1* 

15 The 2, 5-disubsti tuted pyrroles, XVII, are converted 

to the corresponding (2, 5-disubsti tutedpyrrolyl ) nitri les , 
XXII (v/hen X is ethylene), by reaction vrith acrylonitr ile 
or, alternatively (when X is other than ethylene), by 
starting with compounds of formula XIX. In this latter 

20 instance, the hydroxy functionality of compounds of 
formula XIX is converted to the p-toluenesulfonate by 
conventional means, and the tosylate group is 
subsequently displaced by cyanide ion to produce the 
nitriles of formula XXIIo The compounds of formula XXII 

25 are subsequently used In the preparation of compounds of 
formula X of this invention by methods detailed in 
Reaction Sequence 1 above • 

Starting materials and intermediates employed in 
Reaction Sequences 1' £ind 2 above may be prepared by the 

3@ general methods outlined in Reaction Sequence 3o For 
esaaple, as shoifn there, the vinyl tietones, VIX, are 
prepared by either of the ti^o oethods Illustrated. In 
one aethodff the knomi ocid chlorides, XXIXI^ are reacted 
tfith the triciethylsilyletbene, XXXV^ in the presence of 

35 anhydrous aluainua chloride in dichloromethaneo 

In the alternative oethod off preparing the vinyl 
ketones, VII, which is preferred when R^^ is an aromatic 
substitutent such bb phenyl or substituted phenyl , the 
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AICX3 S 



CH.oCHSi (CH3) . SU> R-C-CH°CH, 

XXIV * ^ VI J 



0 
II 



XXVI 



0 
II 

ArCCH^CH. 



1) CH3I 

2) NaHCO, 



VII 



tinot:fn sAQthyl oryl hot neo, XXV, oro eonvQrtcd to 
(diBiothyloBinoethyl)oryl kotones, XXVX, and then by 
deaninotion to the vinyl ttctonos, VXI. 

The compounds o£ the present invention of fornula I 

5 uhere the groups and are other than hydrogen or 
halogen can be synthesized by the oiethod& detailed in 
Reaction Sequences <l-8« 

Employing the caethod detailed in Reaction Sequence 
4 the compounds of the present invention trhere R^ and R^ 

10 are both halogen can be prepared by the halogenation of 
the unsubstituted compounds uith M^halosuccinimide in a 
three-step process involving the prior protection of the 
4-hydroxy group of the lactone ring. Thus, for exampler 
the 2, 5-disubstitutedpyrrol-l-yl compounds, XXVII, are 

15 first converted to the corresponding tert -^butyl- 

dimethylsilyl ethers, XXVIIZ» The protected compounds 
and then chlorinated uith N-chlorosuccinimide in a polar 
solvent such as dimethylformamide to produce the 
silylated 3,4-dichloro compounds, XXIX. The protecting 

20 silyl ether group is then subsequently removed by 
reaction Hith a buffered fluoride reagent such as 
tetrabutylammonium fluoride in a mixed acetic 
acid/te trahydrof uran solvent system to produce the 
dichloro compounds, XXX. 

25 Alternatively, as detailed in Reaction Sequence 5, 

the (2,5-disubstitutedpyrrol-l-yl)alkyl nitriles, XI (see 
Reaction Sequence 1) are halogenated by employing an 

' ^-halosuccinisQide in dimethylformamide to provide the 

SffS-disubstituted-Sc^^^-dihalopyrroles, XXXI. (See Aiello, 

30 et al^ff Jo Beto Chea. , 19s 977 (1982) )• These compounds 
con then be subsequently converted to the compounds of 
the present invention by conventional aethods detailed in 
Reaction Sequence lo 

A third Qethod takes cidvantage of the cheaistry of 

35 Qesionic cocopounds of the type describod originally by R. 
Huisgen, et al., Anq. Chem. Int. gd. , 3: 136 (196<1)» In 
this procedure, detoiled in Reaction Sequence 6, on 



HO 



REACTION SEQUENCE <l 017955g 



V 

J t-ButyKMojjSici 
R.v^NN^R. Imldasolo 




XXVII 



XXVIIZ 



H0.„,^ -O 



4 



N-Chloro- 
" succininide 




t-Bo (Me) 2SiO,.^^s^0 



Tetrabutyl- 
oiranoniun fluoride 



HOAc/ THF 




^1 



^ ^ 

CI CI 

XXX cr CI 

XXIX 

REACTION SEQUENCE 5 
CW CN 

H-Chloro- or N-Bromo- 
Y ^4 ~ succinimide"" ^iN^^V^^ 

I 1 Dine thy 1 f onnanide ^ Ji !|^ 

{ar)dr CI (Br) 

XXXI 
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W-olkyl-N-acylaalno scid Is troatod with an ocid 
anhydride ond a aubstitutQd acetylenic compound to 
produc o pyrr le» ITor examplQ, Reacti n Sequence 6 
shotfs ho\t reaction o£ on alpha-halo ester, XXXII, uith 

5 2-{l-(2-aminoethyl))-l,3-dloxalane in tr lethylamlne 
provides the N-alkyl-alphe-amlnoester , XXXIII^ The 
arainoester, XXXIII is acylated tfith an acid chloride and 
subsequently hydrolyzed in base to produce the 
W-acyl-N-alkyl aainoacid, XXXIVo Reaction of this latter 

16 compound vith the desired substituted acetylenic 
compound, XXXV, produces the substituted pyrrole 
compounds, XXXVI. ;vcidic hydrolysis of XXXVI yields the 
aldehyde compounds, XXXVII, analogous to compounds XII of 
Reaction Sequence !« Compounds of formula XXXVII are 

IS used in subsequent steps in a manner detailed in Reaction 
Sequence 1 to produce compounds of the present invention. 

Preferred substituents for the substituted 
acetylenic compounds in this method of making compounds 
of the present invention include carboalkoscy groups, 

20 phenyl groups, alkanoyl groups, alkyl groups and cyano 

groups. The reaction between the disubsti tuted acetylene 
compound and the N-acyl-N-alkyl aminoacids, XXXIV, 
generally proceeds smoothly; for example, the 

25 di car borne thojcy acetylene reacts smoothly at 25°C. 

Bot^ever, vrhen only one activating group is attached to 
the acetylene, the reaction mixture must generally be 
^farmed to 70-ll@^C to obtain high yields of the pyrrole 
compounds. 

3fll A variety of other pyrroles can be derived from 

compounds of the general formula XXXVI i^hen the groups R^ 
and R^ are carboaetboKy. Some of these transformations 
are detailed in Reaction Sequences 7 ani S. For esample, 
as shotrn in Reaction Sequence 7, reduction o£ SCXXVI uith 

35 a reducing agent such as lithium oluainua hydride results 
in the bis (hydroxymethyl) pyrrole vhich can be 
subsequently further reduced to the dimethyl compound. 



Br 

t^CHCOOCHj 



XX»II 
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c 



-NH. 



XXXIXI 



O 0 

Y 

XXXVl 



H30 



Ac^O 



XXXV 



1) R4COC1 

2) NaOH 



R, COOH 
CH 



J 



KXXIV 



CHO 

J 



XXXVII 



REACTION SEQUENCE 7 



H3C00C 



XXXVI 



? 

XXXVZII 



1) LiiUB, 



2) (C2B3)3SiH, CF^COOB 
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»XXVII2, by aeans of tr lothylcllane and tr 1 f luoroacet ic 
ocid employing the procedure of Weot, et el., j. Org, 
Chgfn, ,38; 2675 (1973))o 

Alternatively, as shotm in Reaction Sequence 8. 
reaction of the compounds of formula XXXVI with a 
Crignard reagent or an alkyl-11 thium reagent in the 
conventional »anner followed by reduction and standard 
work-up affords the higher dlalkylpyr roles , XXXIX. 

Reaction of the diesters, XXXVI, or the 
corresponding diacids (obtained by conventional 
hydrolysis) with secondary amines provides the 
bis(dialltylaaides) p XL. 

Alternatively, reaction of XXXVI with primary 
amines, followed by thermal cycllzation In the 
conventional manner, provides the pyrrolosuccinimides , 
XLI, which can be reduced to XLIIp If desired by reducing 
agents such as lithium aluminum hydride. 

The bis (hydroxymethyl)pyrrole compounds derived from 
the lithium aluminum hydride reduction of XXXVI can be 
converted to their corresponding esters or carbamates by 
reaction with the desired acid anhydride or Isocyanate, 
respectively. (See Anderson, et al • , J, Med. Chem, , 22; 
977 (1979))o 

The ocidSp XLIII, derived by convention hydrolysis 
of compounds of formula XXXVI can also be converted to 
the bis{amido)pyrroles, XLIV, which in turn can be 
dehydrated to produce the bls(nltrilo)pyrroles, XLV. 
L&stly, if desired^ the bl8(allcanoyl)pyrroles, XLVI, can 
be derived froo the bIs(nltrllo)pyrrolefi by reaction in 
thG convention oanner with the appropriate Grignard 
reegentSo 

The ring-opened dlhydrony-aclds of structural 
forcaula XI above aro intermediates in the syntheslis of 
the lactone coQpoundo in accordance with the 
above-detailed reaction oethofls,, or oay be produced from 
the lactone coapounds by conventional hydrolysis of the 
lactone compounds of fornulo !» 
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Xn the ring-openod dihydroxy ocid Sora, compounds of 
the present invention react to torm selts tfith 
pharadceutically occeptoble cietfil and asiine cations 
forned £rom organic and inorganic bases. 

S The tern °pharmaceutically acceptable aetal cation° 

contemplates positively charged aetal ions derived from 
sodium, potassium, calcium, magnesium, aluminum, iron, 
sine and the like* 

The term °pharmaceutically acceptable amine cation" 

10 contemplates the positively charged ions derived from 
ammonia and organic nitrogenous bases strong enough to 
form such cations. Bases useful for the formation of 
pharmaceut ically acceptable nontoxic base addition salts 
of compounds of the present invention form a class tfhose 

15 limits are readily understood by those skilled in the 
art. 

The free acid form of the compound may be 
regenerated from the salt, if desired, by contacting the 
salt i^ith a dilute aqueous solution of en acid such as 
20 hydrochloric acid. 

The base addition salts may differ from the free 
acid form of compounds of this invention in such physical 
characteristics as melting point and solubility in polar 
solvents, but are considered equivalent to the free acid 
25 forms for purposes of this inventiono 

The compounds of this invention can exist in 
unsolvated as t:^ell as solvated forms. In general, the 
solvated forms, uith pharmaceutically acceptable solvents 
such as tfateri, ethanol^ and the like, ^ire equivalent to 
30 the unsolvated fonas 2or purposes of this invention. 
The compounds of this invention ore useful os 
hypocholesteroleaic or hypolipidemic ogents by virtue of 
their ability to inhibit the biooynthQsio of cholesterol 
through inhibition of the ensyne 3-hydroxy-3-Dethyl- 
35 glutaryl-coenzyae A reductaae (Bt^G-CoA reductase) o 

The ability of compounds of the present invention to 
inhibit the biosynthesis of cholesterol t;a$ Qeasured by 
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few© caoih©40o A £i?ofe wofehed (doolgnoto^ esx oeroon) 
MfellSSQ^ feho pffeeoduro ^oocplbod by Ro Bo 9ugan ot ol., 
Ag§hiv. Bi ehoBo aio^hvo. . (1912), 152, 21-2?o In thio 
BQthodf fehQ iQVQl ©2 B»C^eA onsyeo oetivity in otond^ird 

S loborotory roto io inerooood by Zooding tho rots o cho^ 
6lQt eentoining ehsSootyroaino £©? £©ur doyo, oftor 
which tho ?oto oro ooerl^ieodo 

ThQ rot livoro aro hojaogenigGd, and tho 
Ineorporotlon ©2 ch©loctor©l-^'''c-ocetQtG Into n©n- 

IS ooponiflfiblo lipid by tho rot livor honogonate is 
QQQOurodo Tho saicromolor eoncontration o£ compound 
sreguired for 5S<^ inhibition ©2 otorol oyntheais over o 
ono^hour poriod io 0QO8urod# ond oitprossod qq on XC^^ 
voluoo 

15 A second aothod (dGoignotod COR scfoon) oaployed the 

proceduro dotoilod by To KltOp ot olo, Jo Clino Invests , 
(198S), 66: lS94«>lie0« Xn thio aethod, the oaount of 

C-KMG-CoA converted to ^^C-aevalonato in the presence 
of 0 purified ensyne proporotion ©£ BMG-'CoA reductase was 

20 QQocurodo The alcroaolor concentrotion of coapound 

required for inhibition of cholooterol synthesis vas 
Qoaourod and rocordod ao on XC»-, voluOo 

The activity of sevorol representative enaaples of 
eoapounds in oeeordonce tfith the present invention 

25 oppoors in Table 1» and io coapared with that of the 

prl©r art coapound, conpectlno Xn particular, compounds 
o£ the present invention t^hero ^3 substituents 

othor than hydrogen have octivities coaparable to that of 
tho natural product, coapoctin. 



-US 



01 79559 




/ 0179559 
For preparing pharnioceutlcal compositions from 

the compounds dcBcribed by thic inventi n, inert, 
pharmaceoticolly acceptable carriers can be either 
oolJd or llquido Solid ?orro preparations include 
5 powders, tablets, dispersable granules, capsules, 
cachets, and supposi toriesp 

A solid carrier can be one or more substances 
which may also oct.os diluents, flavoring agents, 
solubiliiers, lubricants, suspending agents, binders, 
10 or tablet disintegrating agentsi it can also be an 
encapsulating material* 

In powders, the carrier is a finely divided 
solid which is in a aiature trith finely divided 
active compoundo In tablets, the active compound 
15^ is milted with the carrier having the necessary 
binding properties in suitable proportions and 
compacted in the shape and size desired. 

For preparing suppository preparations, a low- 
aelting wax such as a miature of fatty-acid glycerides 
20 and cocoa butter is first aelted, and the active 
ingredient is dispersed homogeneously therein, as 
by stirring. The molten homogeneous mixture is then 
poured into convenient sixed molds and allowed to 
cool and solidify. 
25 The powders and tablets preferably contain 

5 to about 70^ of the active ingredient. Suitable 
solid carriers are magnesium carbonate, magnesium 
stearate, talc, sugar, lactose, pectin, dextrin, 
starch, tragacanth, methyl cellulose, sodium 
30 carbosyme^hyl cellulose, a low-melting wax, cocoa 
butter, ond the like. 

The tens °preparotion° is intended to include 
the foraulotion o2 the octive compound with 
encapsulating material as carrier providing a 
35 capsule in which the active component (with or without 
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other carriers) is surrounded by a carrier, which 
is thus in association it. Similarly, cachets 

are included. Tablets, pobrders, cachets, and 
capsules can be used as solid dosage forms suit*- 
able for oral administrationo 

Liquid form preparations include solutions, 
suspensions, and emulsions. As an example may be 
mentioned vater or water* propylene glycol solutions 
for parenteral injection. Liquid preparations can 
also be formulated in solution in aqueous poly-* 
ethylene glycol solutiono Aqueous solutions for 
oral use can be prepared by dissolving the active 
component in water and bidding suitable colorants, 
flavoring agents, stabilisers, and thickening agents 
as desired. Aqueous suspensions for oral use can 
be made by dispersing the finely divided active 
component in water with viscous material, i.e., 
natural or synthetic gums, resins, methyl, cellu- 
lose, sodium carboxymethyl cellulose, and other 
well-known suspending agents. 

Preferably, the p^iarmaceutical preparation 
is in unit dosage form. In such form, the pre- 
paration is subdivided into unit doses containing 
appropriate quantities of the active component. 
The unit dosage form con be a packaged preparation, 
the package containing discrete quantities of 
preparation, for example, packeted tablets, capsules, 
and powders in vials or cimpoules. The unit dosage 
form con also be a capsule, cachet, or tablet itself 
or it can be the appropriate number of any of these 
packaged forms. 

In therapeutic use os hypolipidGsmic or hypo* 
cholesterolemic ogento, the compounds utilized in the 
pharmaceutical siethod of thio invention £irQ 



-^l- Ot78SS0 
oaff.iniotoroa t© tho potions ot dDoogG lovolo I 2rom 

»g t© SOO s»g pas: doyo q nosrmol huaon od«lt 

o2 oppreitiraatQly 76 kg ? body weight, thio trono- 
loteo 0 doQoge of from about 0. S e^gA? to about 
S 8.0 mg/kg ©2 body weight par doyo 

The d©6ogeG« however, aoy be varied depending 
upon the requirementQ o£ the patient, the severity 
of the condition being created, and the compound 
being eraployedo Dsteraination of optimum dosages 
10 for Q particular oituation is within the ckill of 
the art, 

l^e following examples Illustrate particular 
methods for preparing compounds in accordance with 
this invention. Siese examples are illustrative 
15 and are not to be read as limiting the scope of the 
invention as it is defined by the appended claims. 

EXAMPLE 1 

Preparation of trans-S- [2- [2>(4-fluorophenyl )-S- 
( 1 -ffie thyl ethyl ) -IH-Pvrrol-l-yl 1 ethyl 1 te trahyd zo^ 
20 <l-hyd ro»y>2H*pyran"2-one 

Step A: Preparation of l-(4-fluorophenyl)«5- 
methyl-l, <l-he«anedione, 
A mixture of l-{<l-fluorophenyl)-2-propene-l«- 
one (43 g, 286o7 mmol) prepared in accordance with 
25 the method detailed in Org. Syn., Colla VOlo XV, 
305, was mixed with 31.2 ml (344 mmol) of iso- 
butraldehyde, 2B &1 (200 aanol) of trie thyl amine, 
and 14.5 s C57.7 smol) of 2-(2-hydroxyethyl)-3- 
Eaethyl-4-bengylthia8olium chloride and the mixture 
30 stirrod under nitrogen at 70°C for 12 hours. 
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After this time^ the fnixture was cooled to room 
temperature and the cooled aiscture was partitioned 
between ether (500 al) and water (100 ml) o ThQ 
aqueous layer was further extracted with 300 ml o£ 
5 ether, the ether solutions combined and washed 
successively with 200 ml of water, two 200-inl 
portions of 2M hydrochloric acid, and 100 ml of 
brine, and finally dried over anhydrous magnesium 

SUlfatQo 

10 The ether was removed, and the residue was 

distilled (bp 115-120^Cp 0.2 mm Bg) to provide 
36.7 g (165 mmol, SB^ of l-(4-fluorophenyl )-5- 
methyl-1, 4-hexanedione which solidified upon 
standing. 

15 Alternate Step A: Preparation of l-(4-fluorophenyl)- 

5-aethyl-l, ^-hexanedione. 
Isopropyl vinyl ketone (1.97 g, 20 mmol), 
prepared from isobutyryl chloride end vinyl trimethyl- 
silane in accordance with the method detailed in 

20 Tet. Letters , (1979), 1995, was mixed with 4-fluoro- 
benzaldehyde (2.4 g, 20 mmol), 2 ml (14 mmol) of 
triethyl amine, and 1.0 g (4.0 mmol) of 2-(2-hydroxy- 
ethyl)-3-methyl-4-ben2yl thiazolium chloride. I^e 
mixture was stirred and heated under nitrogen for 

25 five hours.. After cooling to room temperature, 
the mixture was partitioned between ether (200 ml) 
and water (50 al) » 'Ihe water layer was extracted 
with 200 ol of ether and the ether solutions were 
combined, ^e combined ether solution was washed 

30 successively with 50 al of water, ttjo 50-aI portions 
of S=J hydrochloric acid, and 50 ol of brinoo ®ie 
ether solution was dried over anhydrous casgnesiua 
sulfate. After removal of the ether, the ^remaining 
liquid was flash chroma tog raphed on silica gel 
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oJufclng with 38t2 (voJumo/v Juao) hG«ono»othyPocoufo^.® 
fhio procoduro o2fordod 2.59 9 e£ puro l-«l-?luor - 
phonyl)-8-aothylol,<l-hoKaftOdlono, op <l?-fl»®c. 

5 Stop ii Preparotlon eg 2- 12° [2- (/J-fluoropheayl)- 

5- ( l-BG thy 1g thyi ) -5-ao fchyl-lH-pyr rol -l-yl ] J - 
2->cyenoethonQ. 
A solution of l-(4-21uoroph<snyl)-5-oethyl-l,4- 
henanediono {36.5 164 Binol), 3-oainopripionltrl le 
18 .1/2 fuaaroto (23. 19, 188.4 Biael), end p-toluonesul- 
ionie ocid (0.1 9) in 258 al oi glacial ocotic odd uas 
Btlrrod and heated under rcflun under nitrogon for six 
hourc. After cooling to room tomperaturo, tho alature 
»ac poured into 588 al of icc-wotor and fcho wator 
15 GuspenBion which roaulted was oxtrocted with two SBB-al 
portions of athor. The coabined ether extract was washed 
BoccesBlvely with rwo 2B8-b1 portions of water, three 
28B-al portions of sodiua bicarbonate, and a 2B8-b1 
portion of brine and then dried over anhydrous aagnesiua 
28 sulfate. 

The ether was removed, end the liquid which reoained 
was flash chromatographed on silica gel, elutlng with 
18:1 (volume/volume) hexane-ethyl acetate to yield 34.8 g 
of oily 2-I2-l2-(4-fluorophenyl)-5-(l-Bethylethyl)-lH- 
25 pyrrol-l-ylJl-i-eyanoethano which solidified upon 
standing. 

Recrystclllgetion froa isopropyl ether provided 
analytical aatorlal of aelting point 78-8B*'c, 
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And. Calcd. for C^gHj^rWjS 

C, 74.9701 a, 6.690; H, 10.930 
Pound: C, 75.180? H, 6.640; M, 18.930. 
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step C: Preparation £ 3-t2-(2-{<l-fluorophenyl)-5- 

(l-aethylethyD-lH-pyrrol-l-yl) ]-l-propanel. 
To a stirred solution of Z-IZ-IS-t^-Zluor phenyl)- 
5-(l-»ethylethyl)-lH-pyrrol-l-yl)l-l-cyanoethanc (34. B g, 

5 13S.B mmol) in 300 al o£ dichloromethane at ambient 
temperature under nitrogen was added dropwise over 30 
ainutcs 156.2 ml of a 1.0 M solution of dlisobutyl- 
aluminum (°DiBAL°) In dichloromethane <> The resulting 
alscture Has stirred for three hours^ after which another 

10 20 ml of 1.0 ei DlBAL solution vas added. The mixture was 
stirred overnight at room temperature, sifter which the 
excess hydrode was destroyed by cautious addition of 
methanol. When gas evolution had ceased, the solution 
was carefully poured Into 500 ol of vigorously stirred 

15 ice-cold 2 M hydrochloric acid. 

The emulsion which resulted was extracted with two 
500-ml portions of ether and the combined ether extracts 
were washed successively with 100 ml of water, two 100-ml 
portions of sodium bicarbonate solution, and 100 ml of 

20 brine, and then dried over anhydrous magnesium sulfate. 
The ether was removed and the residue was flash 
chromatographed over silica gel, eluting with 10:1 
(volume/volume) hexane-ethyl acetate, yielding pure 
3-[2-I2-{4-fluorophenyl)-5-(l-methylethyl)-lH-pyrrol- 

25 1-yl) ] -1-propanal • 

Step Ds Preparation of methyl 7-I2-I2-(4-fluorophenyl)- 
-5-(l-methylethyl)-lH-pyrrol-l-ylll-S-hydroxy- 
3-oxo-hept8noa te . 

30 To a stirred suspension of 2.1? 9 (9@»S qqoI) of hexane- 
washed sodium hydride in 200 ol of onbydrous tetrahydro- 
furan, cooled to O^C under nitrogen, &as odded dropwi&e 
over a period of 361 Qlnutes q oolution of So9 q1 (82. 
BiBol) of taethyl acetoacetate in ism q1 *o2 anhydrous 

35 tetrahydrofuran. mien gao evolution hod ceased, 39.3 al 
of a 2.1 solution of n-butyl lithiua in bexane was 
added dropwise. The resulting oolution t^as stirred for 
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30 minutes after which solution of 19,4 g {1^.9 sinol) 
of 3-l2-l2-(4-fluorophQnyl)-5-(l-methylethyl)-lH-pyrrol- 
l-yUl-l-propanal in 15B tal o2 anhydr us tctrahydrof uran 
was added dropwise over a period of 30 ainutes. The 

5 solution vas stirred for an additional hour before 
quenching the raction by the addition of 100 q1 of 
saturated aqueous ammonium chloride solution, followed by 
100 ml of 2 H hydrochloric acid solution. 

The resulting mixture was partitioned between ether 

10 (500 ml) and water (100 ml). The water layer was 

separated and extracted with 300 al of ether. The ether 
extracts were combined and washed with 50 al of brine and 
then dried over anhydrous magnesium sulfate. The ether 
was removed and the residue was flash chromatographed on 

15 silica gel, eluting with 5:1 (vol ume/vol ume) hexane-ethyl 
acetate to yield 19.9 g (64ft) of methyl 
7-12- 12- (4-f luorophenyl) —S-d-methylethyD-lH-pyrrol- 
l-yl) 1 -5-hydr oxy-3-oxo-hept8noat© • 

20 Step E: Preparation of trans-6- [2- [2- (4*f luorophenyl ) - 
5- (l-methylethyl) -IH-pyrrol-l-yll ethyl] tetra- 
hydro-4-hydroxy-2H-pyran-2-one . 
Thirty ml of air (syringe) were bubbled through a 
solution of 58 ml of a 1 PI solution of tr ibutylborane in 
25 tetrahydrof uran containing 19.9 g (53 maol) of aethyl 
7-t2-[2-(4-fluorophenyl)~5-(l-aethylethyl)-lH-pyrrol- 
l-yl] l-5-hydroxy-3-oxo-heptanoate under 
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nitrogen ot room tomperaturo. ThQ oolytion was then 
Dtiffr^d for IB houro at room temperoturo and then 
coolod to "TS^'C. Sodiun borohydridc (3.37 £0 amol) 
thon odded in ono portion. The fnixturo was 
5 stirred £or 60 minutes ot -7B<>C and for 90 minutes 
at O^C. A mixture o£ 10 ml voter and 10 ml ot 
methanol ubs carefully odded (gas evolution). 
Sixty ml of 3M sodium hydroxide solution and 30 ml 
of 30a H2O2 solution were simultaneously added 
0 to the mixture from separation dropping funnels. ThQ 
vigorously stirred mixture was held ot 0°C for SO 
minutes and then ot room temperature for two hours. 

The mixture was then partitioned between 300 al 
of water and 300 ml of ether. The ether layer was 
5 extracted with 50 ml of 100 sodium hydroxide 
solution and the water layers were combined, 
acidified with concentrated hydrochloric ficid, and 
extracted with two 500-ml portions ofothyl acetate. 
The ethyl acetate extracts were combined, washed 
twice with brine, and dried over anhydrous magnesium 
sulfate. Removal of the ethyl acetate yielded 12.5 g 
of an oily acid which was dissolved in 500 ml of 
toluene and heated to oxeotropically remove water. 
After cooling the solution to room temp>erature 
and removing the toluene, the residue was flash 
chroma tog raphed on silica gel, eluting with 2:1 
hexane-ethyl acetate (volume/ volume) to yield 11 g 
of a colorless solid. RecrystQllisation froA 
diisopropyl ether yielded 9,5 g (520) of trans-S- 

I2-l2-(4-fluorophenyl-5-{l-methylethyl).ie-pyrrol- 
1 -y 1 J te t r ahyd r o- <1 -hyd r oxy -2H-py r an- 2 -one , 
mp 104-105^C. 

Anal. Calcd. for C20H24FWO3: 

C, 70.42; H, 7.00; 4o06| 
Found: C, 70.26; H, 7.33; W, 3.99* 
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EXAMPLE 2 

Preparation of trans-6-|2*(2-(<i«^floorophenyl)->S° 
a(?thyl-lH-pyrrol*l-yl} ethyll tetrahydro*4'»hydroxy'- 
2H"pyran-2-ono 
5 T^e procedure of Eicoifiple 1 tras employed t/ith 

the substitution of equiaolar a»ounts of 4-fluoro-> 
bensaldehyde and 3-butene-2-on© for the l-(«-fluoro- 
phenyl )-2*propene-*l«»one and ieobutyraldehyde in 
Step A of Ekajnple 1« Thereafter, the procedure of 

10 Steps B-E vere followed to produce trans-6-I2-l2« 
(<l-fluorophenyl)-5-fnethyl-lH-pyrrol-l-yllethylJ 
te trahyd ro-4 -hyd roxy-2H-pyr Qn-2-one • 
Anal. Calcd. for C^3R20^^O3: 

C, 68. 12? H, £.35; 4.41} 

15 Found: 68.39; R, 6.18; 4*25. 

EXAMPLE 3 

Preparation of trans-6-[2"12*cyclopropyl*5*(4-* 
fluorophenyl)-lH-pyrrol-l^yll ethyl 1 te trahyd ro* 
4-hydrogy>2H»pyran-2-cne 

20 The procedure of Estanple 1 vas employed vfith 

the substitution of equinolar amounts of 4*fluoro- 
benzaldehyde find l-cyclopropyl->2«-propene-l*one for 
the l-(4-fluorophenyl)-2-propene-*l-one and iso- 
butyraldehyde in Step A of Example lo Thereafter, 

25 the procedure of Steps d-E were followed to produce 
t£ans- 6 - { 2 - 1 2 -cy c 1 opr opyl - 5 - ( 4 - f 1 uo roph e nyi ) - IH- 
pyr rol-1 -y 1 J e thyl 1 1 e t r ahyd ro- 4 -hyd roxy - 2H-pyr an- 
2<-onQ» 

Analo Calcd. for 020^22^^3 ^ 
30 C, 69.96; 8, 6.46; 19, 4.08; 

Founds C, 70.02; B, 6.54; 19, 4.01o 
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EXAMPLE <1 

Preparation of [2- [2-(l r 1-dimethylethyl )-5" 

(^*fluorophgnyl)>lH-pyrrol-l-yllethyl) tetrahyd ro- 
<l-bydroxy"2H-pyran*2-one 
5 Ttie procedure of Example 1 was employed vitb 

the substitution of equimolar amounts of .4-fluoro- 
benzaldehyde and t-butyl vinyl ketone for the l-(4- 
f luorophenyl ) -2-propene-l-one and isobutyraldehyde 
in Step A of Example 1, Thereafter^, the procedure 

10 of Steps B-E were followed to produce t£ans-6-l2- 
I2-(lr l-dimethylethyl)-5-(<l-fluorophenyl)-lH- 
pyrrol-l-yll ethyl] tetrahydro-<l-hydroxy2H-pyran- 
2-one, mp 177-178*>C. 
Anal. Calcd. for C2iR26^^03* 

15 C, 70.17; H, 7.29; 3.90; 

Found: C, 70.22; B, 7.50; 3.80. 

EXAMPLE 5 

Preparation of trans-6- (2-( 5-phenyl-2-inethyl ) -IR- 
pyrrol-I-yl] ethyl ] te trahydro-4-hydroxy-2H-pyran-2-one 

20 Ttie procedure of ^cample 1 i^as employed with 

the substitution of equimolar amounts of benzaldehyde 
and 3*butcne*2-one for the !•( 4 -f luorophenyl )-2-pro- 
pene-l-one and isobutyraldehyde in Step A of 
Example 1^ Thereafter, the procedure of Steps B-E 

2 5 were followed to produce ^rans-6- 12-{ 5-phenyl-2- 
m e thyl ) - iH-pyr rol- 1 -y 1 1 e t hyl ] te t r ah yd r o- 4 -hyd r oxy- 
2H-pyran2-one, ap 95-96® C« 
Anal. Calcd. for 

69.28; 7.04; <1.25; 

30 Found: C, 68.93; B, 7.00; N, <i.lO« 
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EXAMPLE S ^^^U 
yreparetion of trans*tgtrahydrO"4*hydro«y-6" [2- 12- 
(2-methoxyphenyl )>5-inethyl-lH'-pyrrol-l-yllethyll^ 
2HTpyran-2^ne 

5 The procedure of Example 1 vas employed with 

the substitution of equinolar amounts of 2-methoxy- 
benzaldehyde and methyl vinyl ketone for the €- 
(fluorobenzaldehyde and isopropyl vinyl ketone in 
Alternate Step A of EKample 1, Biereafter, the 

10 procedure of Steps B-E were followed to produce 
trans- te t r ahyd ro- 4 -hyd roKy -6 - 12 - 1 2 • ( 2 -me t hoxy - 
phenyl ) - 5 -me t hyl - IB- pyr rol - 1 -yl J e t hyl 1 - 2H - py r an- 2 - 
one, np 112. 5-113. 5^C. 
Anal. Calcd. for Ci9dH23N04: 

15 C, 69-28; H, 7.04; W, 4.25; 

Found: C, 69.04; H, 7.22; N, 4,17. 

EXAMPLE 7 

Preparation of trans-tetrahydro-4-hydrogy-6-12-I2- 
( 4 -me t hox V phe nyl ) - 5 -me t hyl - IH-py rrol - 1 -y 1 1 e t hyl 1 - 
20 2H-pyran-2-one 

The procedure of Example 1 was employed with the 
substitution of equimolar amounts of 4-«etho»yben2- 
aldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl)-2-prop€ne-l-one and isobutyraldehyde in 
25 Step A of Example 1. Thereafter, the procedure 
of Steps B-B were followed to produce trans - tetra- 
hydro-4-hyd roKy-S- [2- 12-{ 4 -aethoxy phenyl ) -5-methyl- 
lH-pyrrol-i-yl J ethyll-2H-pyran-2-one, ap 95-95^C. 
Analo Calcd. for C29H23V30^s 
30 69.28; H, 7.04; BJ, 4.25; 

Founds C, 68.93; 7,00? 4.10. 
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Preparation of trans-6-l2>(2*cyca hexyl-5-methyl'>lH" 
pyrrol>l>vl)ethyll tetrahydro>4-hydrogy'>2H-pyran°2°onQ 
The procedure £ ample 1 wao employed with the 
5 substitution of equimolar fimounto of cyclohexane- 
carboxaldehyde and 3-butenc-2*onG for the i-(<l« 
fluorophenyl)-2-prop«ne-l-one m6 isobutyroldehyde 
in Step A of Example 1. Thereafter^ the procedure 
of Steps B-E were folloifed to produce trano-6-I2- 
10 (2-cyclohexyl-5-methyl-lH-pyrrol-l-yl)ethyll tetra- 
hydro-4-hydroxy-2H-pyran-2-one, ap 129-130<>C« 
Anal. Calcfi. for C13H27NO3S 

C, 70. 79; H, 8.91? M, 4.59? 
Found: 71.11; H, 8.71; <1.<I7p 

15 EXAMPLE 9 

Preparation of trans-tetrahydro^^-hydrogy-S-* |2* [2- 
me t hyl - S- t3-(trifluo roae thyl ) phe nyl ] ° IH-pyr r ol- 1 * 
yl] ethyl ] -2H*pyran-2-one 

The procedure of Example 1 was employed with 
20 the substitution of equimolar amounts of 3-( trifluoro- 
methyl )benzaldehyde and 3-*butene«*2-one for the l-(4- 
fluorophenyl)-2-propene-l-one ad idobutyraldehyde 
in Step A of Dcample 1. hereafter, the procedure 
of Steps B-E were followed to produce trans-tetra- 
25 hydro-4-hydroxy-6-l2-I2-oiethyl-5-I3-{trifluoro- 
methyl ) phenyl] -iH-pyrrol-l-ylJ ethyl) -2H-pyran-2- 
oneo 

Anal. Calcd. for Cx^H^o^a^Os: 

C, €2.12; 5.<t9; 3.81y 
30 Found: C, 62.22; B, S.Sl; 3.73. 
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EXAMPLE 1© 0179550 

2B-pyrQn-a»ono 

5»)e procedure of Example 1 vas employed with 
the oobBtitutlon of oqulmolor omountc of <l-phenyl» 
bensfildehyde ond 3-butenc-2-one for the l-(<3-fluoro- 
phenyl)-2-propene-l-one ond ioobutyroldehyde in 
Step A of Examplo 1. fhereofter, the procedure 
of Stepo 8-E were followed to produce trans -6~{2° 
1 3>( [1 , 1 • .b iphenyl ) - <| >yi ) o s.nie thyl »lH-py r rol- 1 -yl J 
0 thyl J to tr ahyd ro- 4 -hyd ro>ty-2H-pyr an-2-ono , 
mp 104-107<»C, " 
Anal. Calcd. for C34H25N03i 
^5 C, 76.77; H, 6.71; M, 3.73; 

Found: C, 76.66; H, 6.66; N, 3.71. 
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EXAMPLE 11 

Preporation of trons°tgtrahvdro-<l-hydrogv-6~ f 2- [2° 

aethvl.S.M-nflph«:halenvH-lR -pyrrel-l~vll-2H-pvran- 
20 2-one 

The procedure of Example 1 was employed with 
the substitution of equimolor amounts of 1-nophth- 
aldehyde and 3-butenc-2-one for the l-(4-fluoro- 
phenyl)-2-propsne-l-one and isobutyraldehyde in 
25 Step A of Example 1. Thereafter, the procedure 
of Steps B-E were followed to produce trons-tetra- 
hydro- <l-hydroxy-6-I2-l2-methyl-5-(l-naphthQlenyl)- 
lH-pyrrol-l-yllethyiI-2H-pyrQn-2-one, sap IST-iaS-C. 
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Preparation of trans-tetrahy(3ro-4-hydroxy>6*12-[2- 
!r.ethyl->S-(2"naphthalenyl)>lH-pyrrol-l-yl)ethyll- 
2H-pyran-2-one 
5 The procedure of Example 1 was employed with 

the substitution of eguimolar amounts of 2-naphth- 
aldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl )-2-propene-l-one and isobutyraldehyde in 
Step A of Example 1. Itiereafter, the procedure 

10 of Steps B-E Here followed to produce trans- te tra- 
hydro-4-hydroxy-6-I2-I2-methyl-5-(2-naphthalenyl)- 
IK-pyrrol-l-ylJ ethyl] •2B-pyran-2-one, mp <15-50°C. 
Anal. Calcd. for C22H23NO3: 

C, 75.62; H, 6.63? N, 4.00; 

15 Found: C, 75.12; H, 6.88; K, 3. 97* 

EXAMPLE 13 

Preparation of trans-6- t2-(bicycloI 2.' 2. 1] hept-5-en- 
2>yl-5-^nethyl-lH-pyrrol-l-yl)ethyll-tetrahydro-4- 
hyd r oxy - 2H -pyr an- 2 -on e 
2 0 The procedure of Example 1 was employed with 

the substitution of equimolar amounts of bicyclo 
[2. 2.1]hept-S-ene->2*carboxaldehyde (mixture of 
diastereomers) and 3-bu tene-2-one for the l-(4- 
f luorophenyl )-2-propene-l-one and isobutyraldehyde 
25 in Step A of Example 1. TJiereafter, the procedure 
of Steps B-E were followed to produce trans -6-I2- 
(2-bicycloI2.2.11hept-5-en-2-yl-5-«ethyl-lH-pyrrol- 
l-yl)ethylj tetrahydro-4-hydroxy-2H-pyrain-2-one as 
Q 1:1 mixture of the ando- and exoisomers at the 
30 norbornene ring, ap 125-1 26®C. 
Analo Calcdo for C19R25NO3: 

72.35; 7.99; N, <l.<i<lf 
Found: C, 72.11; 8.02; W, 4.32, 
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E)U.«PLE10 0779559. 
Prgparotion og trons-S-U- t2-(diph€nylff.ethyl )>>5> 
t hyl 1 H > pv r rol - 1 ^vU G fchyl Uq t gahyd to- ^ -hvd rOK 

The procedure of Bk ample 1 was enployed with 
the substitution of equiDolar oaounts of diphenyl- 
acetaldehyde and 3-butene-2-one for the l-(4-fluoro- 
phenyl) -2 -propene-l -one ond isobutyroldehyde in 
Step A of Example lo thereafter, the procedure 
of Steps 0-S were followed to produce trans-6-I2- 
1 2 -d i phe ny 1 me t hyl ) • 5 -«e thyl - IH-pyr rol- 1 -y 1 J e t hyl 1 
tetrahydro-<l-hydro2:y-2R-pyran-2-one, ap 129-1 32^C. 
Anal. Calcd. for C25K27N03t 

77* 07; B, S.99j W» 3.150; 
15 Found: C, 7S.85; 7.14; 3.^5. 

isxahplie: is 

Preparation of trans>6-[2-|2-(4-gluorophenyl)-S-(l- 

Biethylethyl)-lH >pyrrol-l-yllpropyl}tetrahydro-4- 

hydrogy->2H->pyran-2-one 

20 The procedure of Csaaple 1 was enployed with 

the substitution in Step B of 2-a»inopropanol in 
place of the ethanolomine. fhcreafter, the procedure 
of Steps C-E were followed to produce trans-6-l2- 
1 2-( 4 -f luorophenyl ) -5-( 1-ae thyl ethyl )-lH-pyrrol- 1- 

25 ylj propyl 1 tetrahydro-<i-hydroxy-2H-pyran-2-one, 
ap 167-169<>Ca 

Anal. Calcd. for C2iB2srN03S 

Co 70.17; B, 7«29; 3o90; 
Poands 70o0«j fl, 7.SS; 3.82o 
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EXAMPLE IS ^^^a 
PreporatioR g trons^totrohydro^^-hydg gy-6'-|2'-t2o 
(2-iT>ethoxyphQnyl)«^S-(A-m6thy3Qthyl I'-lH-pyrrol-l- 
ylre thyl 1 *2H*pyran'>2"OnQ 
5 The procedure oi ttttmplQ 1 was employed with 

the Dub&titution oi equimolor omounts oZ 2-inethosy» 
benzaldehyde and 3-butene-2-onQ for the l-(4-fluoro- 
phenyl )-2-propene-l-one and isobutyraldehyde in Step A 
of Example lo thereafter ^ the procedurQ of Steps B-E 
10 Here followed to produce trans-tetrQhydro-<I-hydroay- 
6 -2- [2- ( 2 -me tho»yphenyl ) - 5-( 1 -©ethyl e thyl ) -IH-pyr rol- 
1-yl-ethyl J -2R-pyrQn*2-one* 
Anal. Calcd. for C21R27HO38 

C, 70.5fi; H, l.ilt 3.92| 
15 Found: C, 70.43j H, 7.66^ H, 3.73. 
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Step A: Preparation f 6-l2-!2-(4-fluorophenyl)-5(l- 
aethylethyD-lH-pyrrol-l-yl Jethyl Jtetrahydro- 
4 - tert -bu t yl d ine thyl o I ly I o xcy - g trans * 2H-py r an- 
2 -one. 

To a solution of 6-[2-l2-(6.nuorophcnyl)-5-(l- 
aethylethyl)-lH-pyrrol-l-yl]ethyl)-tetrahydro-«- 
hydroKy -trans- 2H-pyran-2-one (0.52 g, 1.5 inmoles) and 
tert-butyldimethylchloro ollane (0.27 1.8 nsnoles) in 
3 al of dry DHF uas added laldazole (0.31 4.5 nmoles) 
fn one portion. The solution tfas stirred overnight at 
room temperature before partitioning between hexane 
(100 al) and water (50 ml) ^ The aqueous layer was 
eatracted with two 50 al portions of hesane. The combined 
hexane extracts were washed with (2 h 25 ©1), brine 
(25 ml), and dried (Hg;So4) Filtration through oilica 
gel and concentration provided 0.7 g (100%) of the title 
compound. 90 MH^ MMR (CDCI3) S 0.10 (S, 6H), 0.90 
(S, 9H). 1.30 (d, J^z 6H>, 1.4-1.8 (». 4H)p 2.48 (n. 2H). 
2.95 (ffi, IH), 3.9.4.3 (a, 3H), 5.85 (d, J=2H2lH), 6.02 
(dp J"2Hj, IH), 6.8-7.3 (ra. 4H). 

Step B: Preparation of 6-l2-C2.(4-f luorophenyl)-3,4- 
d ichloro-5-(l.Bethylethyl)-lH.pyr rol- 1-yl ]ethyl ] 
tetrahydro-4-hydroKy-trjBns-2H-pvran-2-one. 
N-Chlorosucclnlotde (6.48 moleSp 0.87 g) was added 
in one portion to a otirred oolution of 6«[2-I2-(4- 
fluorophenyl)-5-(l-aethylethyl)-lH-pyrrol-l*yl Jethyl] 
t©trahydro-4-tert-butyldI®ethylollyloKy-trans-2H-pyran- 
2-one (1.49 s,, 3.24 aroles) So dry JMF (10 al) cooled to 
O^'C under dry nltro^cen. The oolution uo© otirred for 
ooe hour at O^'C then waraed to roos tGsapQratur<2 for 
three houro. It woo then diluted with ooter (50 al) and 
©ntrocted with ether (2 a 1000 al). The other ©ntracto 
were diluted with 100 al of hetjone ond woohed with water 
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(30 al)» 10% oq. N0HCO3 00 al), 10% oq. K0HSO3 (SO al), 
bvino (30 al), ond d?iod (MsSO^)^ Tho erudo produee 
which ?oBQlnod of to? fJUrotlon ond eoncontrofc Ion woo 
dlaoolvod In eQttohydro£g?an (13 el) ond tfcotod t?Ith 
5 gloclol ocotlc ocid (0.75 alp 13 aaoleo) and totto^ 
butyl owmonlum floorldo (9o72 al o2 I M THF ooluClon), 
The solution was otirrod For five hourOp diluted «lth 
ethyl acetate (100 al) and t^Qshed ulth ooturated aq. 
noHC03 (2 s 50 al), btino (25 al) , ond dried (MSSO4). 
10 The residue »hlch re<Batned ofter E titration and 

concencrac ion wos flaoh chroaatographed on oil Icq jzel 
eluting with 2:1 heaone-Qthyl oeoCatQ. Thio provided 
0o50 g (35%) of puro loctonQ, Rccrystoll iaot Ion £roo 
ether-hexane provided eolorleso crystolo ap 129-131**C. 

15 Anal. Calcd. for CiO^lZ^^^Z^^V 

Cp 57.98; H, 5.35; H, 3.38; 

Found: C, 58.26; H, 5.24; 3.39. 

IR (KBr) V 3550, 2990, 1711, 1518, 12225, 1160, 1055. 

851, 816 200 MHx KMR (CXL3) 6 1.44 (d, J°7H2 ,6H) , 

20 I08 (a, 4H), 2.12 (d, J°3H2, 1H,-0H), 2.55 (a, 2H), 3.10 

(H, IH), 4.0 (M, 2H), 4.30 (M. IH), 4.45 (M, IH), 7.0-7.4 

(H, 4H). 

Hethod 2 

Step A: Preparation of 2-(4-f luorophenyl)-5-(l*oethyl- 

25 ethyl)-3,4-dichloro-lH-pyrrole-l-propflnenitrile. 

M-Chloro0ucctnlnIde (practical, 105 786.5 ewoles) 
was added in one portion to o stirred oolution of 2-(4- 
fluorophenyl)-5-(l-aethylethyl)-lH-pyrrole-l-propQnenItrile 

30 (&4 s» 327o7 sbboIqa) in 500 al of dry #9iaeth?lforaaai^e 
cMled to C'C under nitrogen. After otirrlng for 
60 Qinutee at O^C and 90 alnutes ot 25^0^ o further 8 g 
(60 osoles) of H-chlorosucclninide »ere oddedo The solution 
t7Q8 stirred 0 further 60 cainutes before ipourini^ into 

35 ether (3 litero) ond washing with HjO (3 s 500 b1)o 

10% aq. WaHSOs (300 al), (300 al) p hrioe, and dried 

(MgSO^). Flash chromatography on silica gel eluting with 
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iO:l hc«ane-ethyl acetate provided an 11 »»hich Bolld- 
fied on stendins. Recryotall Izat Ion from isopropyl 
©ther-heaane provided 96 r f colorless crystals op 
80-"82°C. 

Anal. Calcd. for CigHi5CL2FN2: 

C, 59.09; H, 6.65; H, 8.61; 
Found: C, 59.01; H, 6.56; t9, 8.59. 

IR (KBr) 2933, 2249, 1520, U90i 13A4, 1315, 1218, 868, 
526 cB-1. 100 MHz NMR (CDCI3) < l-*2 (d, J=7H2, 
6H), 2.33 (t. JoTHz, 2H), 3.0 (sptet, J=7Hz, IH) , 
6.05 (t, J°7Hz, 2H), 70-76 (M, 6H). 

Employing the product of this step In the 
process described above In Step C of Example 1, 
provided 6-(2-l2-(6-f luorophenyl)-3, 6-d Ichloro-5- 
(l-iDethylethyl)-lH-pvrrol-l-yl]-ethylltetrahydro-6- 
hydroxy- trans -2H-pyran-2 -one. 

EXAMPLE 18 

Preparation of 6-f2 -[2-(6-fluorophenvl)-3.6 dibromo- 

5-(l-3)ethv-lethyl)-l H-pvrrol-l-vl]ethvl]tetrahvdro-6- 
hydrogv-trans-2H-Pvran-2-one. 

Substitution of N-Bromosucc Inloide for W-Chloro- 
succlnialde In Step B of Method 1, Eaanple 17 provided 
a corresponding amount of the title compound op 163''C. 
Anal. Calcd. for 020^22^^^ Z^^y. 

C, 67.76; H, 6.61; K, 2.78; Br, 31.76; F, 3.77. 
Found: C, 67.52; H, 6.36; W, 2.86. Br. 31.75; F, 3.72. 
IR (KBr) 3350. 2966, 1711, 1510. 1686, 1225, 1072, 867. 
820 ca-1. 200 MHz MMR (CDCI3) ft 1.40 (<J, J=7Hz, 6H), 
1.5-1.8 (sa, Alt), 1.96 (bro, 1H,-0H), 2.58 (a, 2H), 3.13 
(B, IH), 6.0 (a, 2H), 4.31 (b, IH), 4.47 (a, IH). 7.0- 
7.3 (a. 411). 
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e:x;^hple 19 

step At Preparation of Qthyl-2{l-(l-OKO-2, 2,2-trlfluoro- 
ethyl ) )-4-o»o-<l-(4-fluoroph5nyl )-butyrat€ 
A solution of ethyl Ir 1# Ir-trifluoroacetoacetate 
(14.6 ml, 0.1 nole) in dry CMP (100 al) vas ddded drop- 
tfise to a O^C suspension of hexane ifashed sodiisn hydride 
(0.106 mole) in 50 ml of dry CMP undor nitrogen. When 
gas evolution vbb complete, a solution of o*bromo-<l*- 
f luoroacetophenone (0.1 mole#) prepared as in J. Ocq. Chen. 
29, 3459 (1964)) in 100 ml of dry mP ^as added dropv^ise 
over 30 minutes. The mixture Has allowed to vans slouly 
to overnight. Xt was then quenched by addition of 

S N HCl, poured into R2O (1 liter) and extracted tfith 
ether (2 x 500 ml). The combined ether extracts rare 
washed with RjO (2 x 100 ml), brine (100 ml), and dried 
(HgSO^). Flash chromatography on silica gel eluting 
with 5:1 hexane-ethyl acetate provided 7 g of the title 
compound. IR (film) 3380, 1768, 1744, 1688, 1601, 1511, 
1413, 1293, 1263, 1238, 1212, 1160, 1100, 1004, 841 cm-^. 
200 MHz NMR (CDCls) 6 1.29 (t, Ja7Rz , 3H), 3.75 
(m,2H), 4.26 (q, J»7Rz,2R), 4.55 (dd, J°4.7, 9.6Rz, 
IR), 7.21 (m, 2R), 8.02 (a, 2R) 

Step B: Preparation of 2-(4-fluorophenyl)-5-trifluoro- 
methyl*lH-pyrrole-l-propanenitrile. 
A solution of ethyl-2-(l-(l-oxo-2, 2,2-trifluoro- 
ethyl) )-4-oxo-4-(4-fluorophenyl)-butyrate (5 g, 
15.6 amoleo) in 110 sal of 5:5:1 acetic acid-water 
-cone, sulfuric acid was stirred and heated at reflux for 
four hours o The cooled solution was carefully poured 
into 400 Ell of saturated oq. bicarbonate which was then 
eatracted with ether (2 s 300 ol) o cosftblned ether 

extracts were washed with oaturoted oq* bicarbonate 
{2 H 50 sd), brine (50 ol) 0 and dried (P3gS0<s)o 'xhe crude 
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dike^.one uhich r moined ofter filtration find concen* 
trfition (3 g) tfDs dissolved in 20 lal of glscal sicetic 
Qcid and 2 g <18 ^ole&) of B-nminopropanenitr ile* 
1/2-fumsrahe were added. The solotion was stirred and 
5 heated at reflux for five hourso The cooled solution 
tfas poured into 200 ml of saturated ag« bicarbonate 
and extracted ifith ether (2 s 200 sal) o The combined 
ether extracts were trashed tfith B2O (2 x 50 ml) , brine 
(50 ml) t and dried ((1gS04). Flash chromatography of the 

10 residue uhich remained after filtration and concentration 
provided 1,2 g (27^) of the title compound. 
IR (CDCI3) 225B, 1611, 1570p 1478, 1337, 1172, 1106, 
1064, 844 cm*"!. 200 MHz ma (CirL3) 6 2.51 (t^ 
J«7.3Hz, 2H), 4.30 (t, J«7R2,2H), 6.16 (d, Jo3.8Hz, 

15 IH), 6.67 (d, J«:3.8Rz, IH), 7.1-7.S (m, 4H)o Hass 
spectrum M/e 282, 263, 242, 229, 173. 

Preparation of 6-[2-l2-trlfluoromethyll -5-(4-f luorophenyl )- 
IH-pyrrol-l-yl 1 ethyl ) tetrahyd ro-4-hydroxy-trans-2R-pyran- 
2-one. 

20 Substitution of 2-(4-fluorophenyl)-5-trifluoromethyl 

-le-pyrrole-l-propanenitrile for 2-(4-fluorophenyl)-3, 4- 
dichloro-5-(l-nethylethyl)-lH,-pyrrole-l-propanenitrile 
in Step C of Example 1 and follotfing the procedures of 
Step C, 0, and £ resulted in a corresponding amount of 

25 the title compound as an oil. * 
Anal. Calcd. for Cx8H2^7F^N03: 

C, 58.22; H, 4.61; W, 3.77. 
Pounds C, 58.88; iS, 5o07; 4.03. 

30 IS CfilQ) 3440, 2927, 1728, 156 , 1477, 1342, 1266, 1230, 
IIM, 1101, 1060, 843, 782 cn*l. 200 MBz mVL 
(CKClj) a 1.3-2.1 fsa, 4R), 2.34 (brs, 1R,-0H), 2.55 
tn, 2H), 3.9-4.3 {©, 3H), 4.52 |d, IH), Coll (d, J°3.8Hz, 
IH), 6.61 (dd, JoOoi, S.BRs, Ifl), 7.0-7.4 (n, <lH)o 
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Proporotion o£fe)''»o(4»gluorobQn8oyl)«>W"[2»(2''Q<-.hyl^ 
»l'f S^'d ioaol onyl ] vol Ino » 
5 A oolutlon oi ^:hQ mothyl«2°broni©»3«mothyl butyroto 

(<l»6 23aS tstfnolOD) ,2-(S«(2«QalnoQfehyi) jolpj^dioaolono 
(2.93 25 ronolQO) onfl triGthylomino (3.S al, 25 btooIgb) 
wao otirrod and hoatQd In 2S al of refluxing ocotonltrile 
for 20 hours. Tho coolod oolutlon »qo poured into ether 

10 (500 ml) £ind extracted 7^ RCl (2 n 30 al). The oqueouo 
l£iyer vos made alkaline t^ith 2SQ oq. NaOH and extracted 
tfith ethyl acetato (2 x 100 al) . The combined ethyl 
acetate extracto were waohed with brine and dried {^9804). 
Filtration and concentration provided 3 g of the title 

15 compound ao llquido 90 MHz mn (CKI3) 6 0o§»3 

(d, JciTHg, «H)r 1p70 (bro, 1R,»NH), 1«86 (ra, 2H), 2.60 
(Q, 3R) 2.94 (d, JaSRs, IB), 3.68 (0, 3R), 3.85 (a, 4H), 
4.89 (t, Jo4Hz, IH). 

Preparation of 2-Methyl-M-(4-fluoroben2oyl)«N-I2-(2« 

20 ethyl)-l,3 dioxolanylj vol ine. 

To o otirred oolutlon of ?tethyl-M-l2«{2«othyl)-l, 
3-d ioxolanyl] valine (3 g, 13 arooles) and tr iethylarainQ 
(3.6 al, 26 nmoleo) in 20 5)1 of dichloromethene (CBjCLj) 
cooled to O^^C tfdB £^dded a oolutlon of 4-fluorobensoyl 

25 chloride (1.65 ml, 14 Bsnoleo) In 10 al of (CB2CL2). 

The oolutlon tras otirred 60 ainutes at O^C and 60 alnutes 
at roora temperaturco Xt tras then poured into ether and 
washed with water^ coturated aq. bicarbonate, brine, and ■ 

30 dried ((^gSO^). Flash chroaotography on oilica gel 

olotlng with Isl hestane-ethyl acetate provided 3 g of 
the title coapound. 90 »Rz mSi (CKI3) ^ 0.90, 
(brd, JoTHs, (SB), 1p0-2.5 (a, 3B), 3.<15 (br, dd, J06, 
BHx, IH), 3.72 (Off 3H), 3.80 (n, 6B), <1.80 (n, IW), 

35 6.9-7.5 (a, <IH). 
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Preporotlon of s-N--(<l-;iuorobens yl)*N-|2-(2-ethyl) 
-l#3-di KOlyanyl) val ine. 

A solution of the aethyl ester prepared above 
(1-g, 2.83 BSftoles) and StoOH (0.4 g, 10 Rtmoles) in 10 ml 
5 of 4:1 CH3OH-H-2O fc^as stirred and heated at refluK for 
three hours • The cooled solution was diluted with water 
and etttracted with ether. The aqueous layer was acidified 
with 6M HCl and extracted with ethyl acetate. {2jt). The 
combined ethyl acetate entracts were washed with brine 

10 and dried (MgSO<|)o Filtration and concentration pro- 
vieded 0.96 g (2*8 mrooles) of acid. 90MRz mK 
(CDCI3) 6 0o85 (a, 6H)p 1.8 (a, 2H), 2.5 (ra, IH) 
3.3-3.9 (a, 7H), 4.« (sa, IH) 6.8-7o4 (a, <lH)o 

15 Preparation of dlmethyl-1- 12-(2 ethyl)-l, 3-dioxolanyl) 

dioxolanyll-2-(4-fluorophenyl)-5-(l-aethyl-ethyl)-lH 
-pyrrole- 3 ^ 4-d icarboxyl a te 

Dimethyl acetylene dicarboxylate (1.3 al, 10.fi mmoles) 
was added to a 25*C solution of (+)-N-(^-fluoroben20yl )- 

20 W-l2-(2-ethyl)-l,3-dioxolanyl] valine (1.8 g, 5.28 asnoles) 
dissolved in 10 al of acetic anhydride. The evolution 
of carbon dioxide began immediately. The solution was 
stirred a further two hours, concentrated to remove 
CKcess acetylene and solvent, then filtered through 

25 silica gel. This provided 2 g of pyrrole as a solid 
which was recrystall ised from isopropyl ether-hexane 
nap 143-146°C. 

Anal. Calcd. for 022^26^^06 
30 62.55? 6.20; W, 3.31. 

Pound: C, 82.8<i; S.23; 13, 3*30. 

XR (KBr) 1719p 1449^ 1241, 1209, 1178, 945 ca"!. 

200 HHz HMR (CCCI3) 6 1.35 (d, Jo7Ha, 6H)^ 1.80 (a, 2H), 

3olB (Septet, Jo7H2, IH) , 3.56 M) a IH), 3.7-4.0 

35 lUa 6H), 3.83 (S, 3H), 4.64 (t, Ja4H2, IH), 7-7o3. (a, 4R). 
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ProparGtlon oi DlmQfchyl-l«(J»{3-o«opr©pyl) )»2-(<l- 

«luorophGnyl)-S-(l-»othyothyl)-lH-pyrrolG-3«<l« 

dicarboxyloto 

' A oolufcion of dlmethyl-l-l2-(2-othyl)-l,3- 
S dioKOlDnyl)«2»(4»£luorophQnyl)-S«(l-mQthylQthyl)-lR« 
pryrrole»3p <l-dicorbOKyleitQ (O.S f, lel8 nsnolGs) snd p- 
toluene&ulSonlc odd (0o23 g, 1.2 fiunoleo) in 13 ml oZ 
5:1 acetone*tfater was otirred and heotod ot reflux for 
48 houro. ThQ cooled oolution t^ns concQntratod, diluted 

10 tfith ether (200 al) , traohed t^ith saturated aq. bicar» 
bonate (2 sc 50 ml), brine (50 nl) , and dried (MgSO^). 
Flash chromatogrophy on oilica gel eluting tfith <lsl 
hexane-ethyl acetate provided 0o<l g of pure Qldehyfleo 
90 MH2 NMR (CDCI3) 6 1.35 (d, Jd7Hz , SH ) , 2o SI {^, 

15 J°7B2, 2H), 3-18 (septet, J^lHz , IH) , 3«53 (0, 3H), 
3.81 (8, 3H), 4.03 (t, J°7HZr 2R), 6.9-*7.3 (M, <1R), 
9.45 (s, IR). 

Preparation of Diinethyl-2-(4-riuorophenyl)-5-(l- 
©e thyl ethyl) -1-12 -(tetrahydro-4-hyd roRy-6-oxo-2H- 

20 pyr an- 2-yl ) ethyl ] -lH-pyrrole-3, 4-dicarboxyloteo 
Substituion of dimethyl-1 (l-(3-oxopropyl) )-2-> 
( 4-f 1 uorophenyl ) - 5- { 1 -me thyl e thyl ) -iH-pyrrol e-3 , 4- 
dicarboxylate for 2-(4-fl uorophenyl) -S-d-oethylethyl)- 
IB-pyrrole-l-propanal in Step C of Bxanple 1 and 

25 follotifing the procedures of Steps C, D, and E provided 
Q corresponding oraount of the title compound mp 1S7- 
170^Co Anelo Calcd. for C24R28FWO7 
Ci, 62o47; R, 6.12r 3.04. 

30 Founds C, 62.32} 5.87; 2.99o 

XR (KBr) 2450, 2980, 1719, 1499, 1225, 1174,1074, 
811 CB*^. 200 NRs mR (COCI3) B 1.34 (d, J°7Bs, 
SB), 1.57 (a, 4R), 2.40 (d, J°3Rs, IR), 2.5S (n, 2B), 
3.1s (septet, Jo7H£, IH), 3.55 (a, 3H), 3.83 (Oa 3B)^ 

35 4.0 (a, 2H), 4.26 (a, IH), 4.44 (a, IR), 4.44 (o, IR), 
7. 1*7. 3 (Q, 4H). 
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^J±l^i (for BE, CH, DE, FR, GB, IT, LI, LU, NL, ^7955© 
1. A compound hoving the Qtructurol t rsiulo it 




vherein X Is 

-CHjCHj-, or 
-CH(CH3)CH2-,* 



l^n&phthyl, 
2~naphthyl o 
cyclohexyl, 
20 norbornenyl, 
phenyl o 

phenyl substituted by 
fluorine, 
chlorine, 
25 hydroxy, 

t r i f 1 uo r oaethyl , 

altcyl of froa one to four cerbon atoms, 
olkoKy of frora one to four carbon atoBS,or 
Qlkanoylosy of froQ two to eight carbon 
30 atoQS(^ 

^ 2-^ 3-, or <J-pyridinyl<, 
2^9 3-, or <t-pyridinyl-49**oKidQ^ or 
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where io olkyi o2 £roa ©no £ ur 
earbon ot qo on6 hal" io ehl srido^ 
broDidQff or lodidGi 
dnd oro independently 
hydrogen, 
chlorine, 
broRiinQ, . 
cyano, 

trlf luoromethyl, 
phenyl, 

alkyl oi froa one to four carbon atosis, 
carboaltcosy o£ £roB tuo to eight carbon atons^ 
-CH20Rg where is 
hydrogen^ 

alkanoyl of froa one to siK carbon atoms, 
-CHjOCONHR^ where is 

alkyl o£ froa one to six carbon a toss, 
phenyl p 

phenyl substituted with 
chlorine, 
bronine, or 

alkyl ot £roB one to four carbon 
atoas; 

or when taken together with the carbon atoas to 
which they are .attached, ^3 ^^^^ ^ 

ring denoted by 




where n is threG or four. 



£^ ring denoted by 
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a ring dtnottd by 



O 




O 



whera ii 
hydrogen, 

alkyl of from on* to six carbon 
atoms, 
phenyl, or 
benzyl I 

or a ring denoted by 



where and R^^ are 
hydrogen, 

alkyl of froB one to four carbon 

a tons, or 
benzyl I 



alkyl of from one to four carbon atoms, 
cyclopropyl , 
cyclobutyl, or 
t r 1 f 1 uor ome thy 1 $ 




R- is 



or a corresponding lactone ring-opened dihydroxy 
acid derived therefrom, or a pharmaceutically 
acceptable salt thereof. 
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A compound in oeeordoneo uith eiol» X.tfhoroisi 



-CH^CH,-, 

la defined in Cloica 

^2 dnd oro independently 
hydrogen, 
ehlorino, o? 
brosaino; ond 

R^ is fis defined in Cloia lo 

A compound in eccordance with Claira l^i^herein 
X is 

-CH^CHg., 

is 

phenyl 0 

phenyl substituted by 
fluorine, 
eblorine^ 
hydroscy, 
trif luoroaethyl, 

alkyl ef froa ono to four corbon otoas, 
slkosy of froa one to fou? carbon Qtoas, 
olkanoylony of froQ ttfo to eight carbon 
Qtoas^ 
2-, 3-, or ^-pyridinyl^ 
2-, 3-, or <l*-pyridinyX*tf*osSdQ^ or 



SC iB 




Inhere R. is altcyl f fr a ne t four 
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cQrb n otoBic onfl hoi' lo chS TiSo, 

^2 ond ore Independently 
hydrogen 
chlorine^ 
broalne; snd 

«41 *° 

alkyl of £roB one to four carbon otoass, or 
trifluoromethylo 

A compound in accordance trith Clala l^vrherein 

3t is -CH^CHj-; 

Is 

phenyl^ or 

phenyl substituted by 
f luor inep 
chlorine, 
hydrosy, 
trifluoroaethyl^ 

alkoKy of froa one to four carbon a tons, 
alkanoyloKy of froa two to eight carbon 
otoas; 

and ore independently 
hydrogen^ 
chlorine, or 
bronlne; ond 

ic i&opro2>yl or trlf luoroaethylo 
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phenyl 

phenyl oubotitutod by 
fluorino, 
chlorinOff 
trifluoromethylff 

£^lkyl o£ froB ono to four eorbon otoas, 
alko2cy oi froa ono to £our eorbon QtoQO, 
Qlkanoyloxy of 2roa t»o to oSght carbon 
Qtoaa, 

1- naphthyl, 

2- naphthyly 

^3 IndQpendQntly 
hydrogen, 
chlorine, 
broaine, 
cy&no 9 

tr i £1 uoromethyl , 

phenyl ^ 

alkyl o£ froa one to £our carbon atoaSi^ 
carboallco2cy o£ froa ttfo to eight carbon atoas^ 
-CHgORg where ic 

hydrogen or altcanoyl o£ £roB one to sisc 
carbon atoos, 
-CHjOCOMHR^ whero is . 

alkyl o£ froa one to sitt carbon atoas^ 

phenyl or 

phenyl oubstituted vith 
chlorine 17 
broainer or 

alkyl of froca one to four carbon 
o tons J 
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fr wh n tak n t fl.th.r with tht earb n atons to 
which thty are attached, Rj and R for. a 
ring den ted by 



5?} 



where n la three or four; 
a ring denoted by 



CX,} 



a ring denoted by 
O 




where is 
hydrogen, 

alkyl of frott one to four carbon 

a tons , 
phenyl, or 
benzyl^ or 
a ring denoted by 

O , 



where R^ and R^^ are 
hydrogen, 

•Ikyl of froB one to four carbon 7f 

atoms, or 
benzyl; and 



Ic 

•Ikyl of from one to four carbon atou, 
cycloprepyl. 
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tri£luoromethyl o 



A compound in oecordanCQ vith Cloia 1 vhcrein 



X l8 -CHjCHj-j 

Rl i8 

phenyl p 

phenyl substituted by 

fluorinQ; 
chlorine^ 
triZluoroaethylff 

^Ikyl e£ 2roB one to four corbon Dtons, 
filkoxy of froB one to 2pur carbon otoas, 
or Qlkanoyloxy of froa two to eight carbon 
atoas? 

R2 and are independently 
hydrogen, 
chlorine, 
broaine 9 
phenyl, 

carboalkoKy of froni tvo to eight carbon etoas, 
or, when taken together with the carbon 

atoms to which they ore attached, ^3 

fors 0 ring 

denoted by 




where S) io three or four? 
0 ring denoted by 
O 

r 




'6i- 

vhere Rg lo 

hydr «en, or 01 79559 

oltcyl o£ £r a ne t four eorb n 
ot as; r 

o ring denoted by 

O 



10 



15 



20 



where and oro 

hydrogen or oltcyl o£ f roa one to 
four carbon atoms; ond 

alkyl of from one to four carbon atoms, or 
trif luoromethyl « 

7o A compound in accordance with Clala l^whereln 
X is -CHjCHj-, 



is 



25 



30 



phenyl, or 

phenyl substituted by 
fluorine, 
chlorine, 
trifluorooethyl; 

oltcyl of from one to four carbon 

OtOQS, 

ollcoay of froa one to four carbon 

OtOQG, or 

oltconoylosy of froa two to eight corbon 

OtOQS; 



35 



^2 £}nd a^ orQ independently 

carbo£}lCto»y of froo two to olght carbon 
otoBS or. 



52- 
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t^hen taken together t^ith the carbon otons to 
t^hich they are attached £ora o ring denoted by 



c:7herein is hydrogen or alkyl o£ £rom one - 
to four carbon atoms; and R^ is isopropyl or 
trif luoronethyl • 

A compound in accordance ^ith Claim 1^ selected 
from the group consisting of trans -6- 12-13^^- 
d ichloro- 2- ( 4 -f luorophenyl ) -5- ( 1-methylethyl ) - 
IR-pyrrol-l-ylJethyll tetrahydro-4-hydroxy-2H- 
pyran-2-one; 

trans-6-2- [3, 4-dibromo-2-(4-f luorophenyD-S- 
Cl-methylethyD-lH-pyrrol-l-yllethyll tetrahydro- 
4-hydroxy-2H-pyran- 2-one; 

trans-6- 12- l2-{4-f luorophenyl } -5- ( trif luoroaethyl ) - 
iH-pyrrol-l-yl ) ethyl 1 tetrahydro-4-hyd rojty-ZB- 
pyran-2-one; 

trans -d irae thy 1 2- ( 4 - f 1 u or ophe ny 1 ) - 5- ( 1 -me thyl- 
ethyl )-l- I2-(tetrahydro-<i-hydrojcy-6-oi:o-2£- 
pyran-2-yl)ethyll-lH-pyrrole-3ff4-dicarboKylate; 
trans- S- [2- [2- (4-f luorophenyl- S-pethyl-lH- 
pyrrol-l-yll ethyll te trahydro-<l-hydrojcy-2H- 
pyran-2-one? 

trans-6- 12- [2-(4-fluorophenyl-5-(l-Qethylethyl)- 
1 B-pyr rol- 1-y 1 1 e thy 1 1 1 e tr ahyd ro- Q -hyd r OKy-2B- 
pyran-2-one? 

trans - S - 1 2 - 1 2 -eye lopropy 1- S- ( 4 -2 lubrophe nyl J - 
IH-pyrrol-l-yl J ethyl 1 tetrahydro-<i-hydroay-2H- 
pyran-2-one; 

tran8-lS-l2-l2-(l,l-dinethylethyl)-5--C<l-21ttoro- 
phenyl )-lB-pyrrol-l-yll ethyll tetrahydro-fl- 
bydroay-2H-pyrQn-2-one i 
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fcrons-fcGtrohydro-O-hydr j:y°S-P°i2°J2-raeth sy- 
. phenyl J-5-sethyl-lB-pyirsr l-i-yaXGthyl|-2a-2-onc » 
^£Qns-tetrahydro-<l-hydroay-§- {2- K2-(2-aetho}iy- 
phenyl ) -5-(l-aethylethyl ) -IH-pyrrol-l-yl J ethyl} - 
5 '2B-pyr&n-2-one> 

£rans-t«trohydro-<}-bydrony-S- 12- (2-oethyl-5- 
. f l-naphthalenyl)-lB-pyrrol-l-yl) ethyll -2H- 
pyran-2-one; 

trens-6- 1 2- ( 2-bicyclo 1 2 . 2 , 1 J hep- 5-en-2-yl-5- 
10 oethyl-lH-pyrroi-l-yl )ethyl) tetrahydro-^- 

bydro»y-2H-pyran-2-one^ and 
trans-6- 12- l2-(4-£luorophenyl )-5-Cl-aethyl- 
phenyl )-lR-pyrrol-l-yl]propyl) tetrahydro-4- 
bydroxy-2H-pyran-2-one . 

15 

9. A aethod of preparing a compound having the 
structural fonaula 



20 




wherein X, R^^, R^, and R^ are as defined in 
Claim 1, said method comprising the steps of: 
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Dllcyiloiaohyde eoiapooBfl oZ Poroulo XIX 



where X, Ri, R2» »3» *4 ^^'^ fieflnefl 
above, with the alkali netal calt of the dlanlon 
of nethyl acetoacetate to forfn a compound of 



where X, Rx, R2, R3» onQ a<j are as defined 
above, then successively 

(b) reducing Goi^und TV with o trlalkylborane 
and sodlun borohydrlde, ond 

(c) oxidising with ollcallne hydrogen peroalde 
to produce an add coapound of ?oraula V, 




structural Fomula XV 




OH 0 



I II 

CBCBjCCHjCOOCHj 




BO a OH B 
^ S-CCHjfccHji 



COOH 



ond finally 



3 
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I?07fv)ulQ V to 0 loetone eeapound o£ ? rcaa&Q S by 
heating in on ineirt oolveni o?p olternotively 
converting, i£ desired , the Qcid compound of 
Porsiuls V to D phoTseceotically Qcceptable salt* 

10 £i pharmaceutical composition useful ^ hypo- 
cholesterolenic agent , comprising q hypocholes- 
terolenic effective osaount of a compound in 
accordance with any one of Claims 1 to 8 in 
combination with a pharmaceutically acceptable 
carrier or diluent. 

11. For use in a method of treatment in 
which cholesterol biosynthesis in a patient is 
inhibited, a compound in accordance with any one 
of Claims 1 to 8 or a pharmaceutical composition 
in accordance with Claim 10. 
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eLAlHSg (for AT) I 

1. A process for preparing a compound having 
the structural formula li ' 



10 



15 



20 



25 



30 



R« J ^R/ 




«CH(CHj)eH2-y 

2*naphthyl q 
cyclohesyl t, 
norbornenyl q 
phenyl o 

phenyl substitutod by 

ehlorinQ, 
hydrotcy^ 

tri^luoroQQthylff 

olkyl ®2 £?oQ ©50 ^© 2©ufir eorbon otoaCff 
oltieKy @? 2?©Q ©no fe© 2©u? eorbon otoao^or 
olkanoylosy ©2 2s©Q t«© ^© oighfe eo?b©fi 

©f <l-pyridiftylff 
" ©f <l-pyrSflinyi-o-MlflO(? ©p 



35 
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nhQfQ Kg 8a oSkyX i ifOB ©no fc© 2©o? 

- 5 hydrogen^ 
chlorine^ 

brofalnQff . 
cyanoff 

t r i fluoroBiethyl 9 
10 phenyls 

Dlkyl of £roa ©no to four corbon otocnSj^ 
cerbooltioxcy o£ froQ tt7o ^o eight corbon Qtoas, 
-CHjORg where Is 
hydrogcDo 

15 - olkanoyl o£ £roi3 one to cis carbon atons, 

-CHjOCOMHR^y Hhere Ift^ is 

olkyl oi £roa one to sis carbon otoas, 
phenyl 

phenyl substituted trith 
20 chlorinQj, 

broaine, or 

Qlkyl 9i froa one to four carbon 

OtOQSl 

or when taken together vitb the carbon otoas to 
25 which they ore .ottached^ ond Rj fora o 

ring denoted by 



30 




where a is three or four 9 
o ring denoted by 



35 



0 Son^toS 
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10 



15 



20 



25 



30 



or 0 ?ing dcnetod by 



ollcyl o2 froQ one to 2our corbon 
otoBS, or 

benzyl; 



£^ltcyl o? Srosi one to ^ou? carbon otoas^ 
cyclopropyl^ 
eyelobytyl(7 or 
tr i £1 uoroQG tby 1 ; 

or o eorrespondiag loetono ring-opGnod Sibydrosy 

ocid derivod theroZroQ^^ @r o ^horcaaeeutSeol&y 
occeptoblG colt thozQ&i; 
which process conprises: 
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(«} firtt r acting • substituted ( (pyrrol* 1-yl) - 
alkyllald hyde npound bf Poraula III 



where Hi, and R4 are as defined 

above, with the alkali aetal salt of the dianion 
of aethyl acetoacetate to form a compound of 
structural Formula IV ^ 



where X, Ki, R2, R3, and R4 are as defined 
above, then successively 

(b) reducing Compound IV with a trialkylborane 
and sodium borohydride, and 

(c) oxidising with alkaline hydrogen peroxide 
to produce an acid compound of Formula V, 

25 Ki BO B OH B 



5 




15 




and finally 




30 



V 



35 
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2. A procesr Sn ccordanct with CUlm l^vhtrtin 



X it 



5 



is as defined in Clsia 1| 



10 



end are Independently 
hydrogen^ 
chlorine, or 



bromine 7 and 
R^ is as defined in Clela 1. 
3. A process in accordance with Claim l^vherein 



phenyl , 

phenyl substituted by 
fluorine, 
chlorine, 
hydroxy, 
trif luoroaethyl , 

alkyl of froB one to four carbon atons, 
alkoxy of froa one to four carbon atoas, 
alkanoyloxy of from two to eight carbon 
a toss, 

2-, 3*, or 4-'pyridinyl, 

2-, 3-, or 4-pyridinyl-N-oxide, or 



X is 



20 



R, is 



35 




hal 



where R- Is alkyl of froa one to four 
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5 hydr&gQn^^ 



J3 

10 ollcyl o2 ZroQ ono t& four eorbon otoasv 

triZluoroacthylo 

<la A process- in oeeorfloneo t/lfch CIoIq l^trhcrGla 

15 3C is -CH^CHg-j 

Is 

phenyl p or 

phenyl substituted by 
20 fluorlno^ 
chlorine^ 
hydrosy, 
triZluoroaethyl, 

olhosy of froQ one four eorbon otoos, 
25 olkonoylosy of froQ tt7o to eight eorbon 

otoeisi 



^2 Qfkd 1^^ oro independently 
hyfirogeno 
ehlorinOff or 
broaine^ ond 



Ul. So i&opropyl or trifluoroQetby&o 



35 
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h process in • cordanet vlth Clftls l^whtrtin 



X it -CHjCHj-i 

is 

phenyl , 

phenyl substituted by 
fluorine, 
chlorine » 
trifluoromethyl, 

alkyl of froB one to four eerbon atoms, 
alkoxy of froB one to four carbon a tons, 
alkanoyloxy of froa two to eight carbon 
atoms, 

1- naphthyl, 

2- naphthyl| 

and Rj are independently 
hydrogen, 
chlorine, 
bromine, 
cyano, 

trif luoromethyl , 
phenyl , 

alkyl of from one to four carbon atoms, 
carboalkoxy of from tvo to eight carbon atoms, 
-CHjORg where Rg is 

hydrogen or alkanoyl of from one to six 
carbon atoms, 
-CH^OCONBR^ where R^ is . 

alkyl of from one to six carbon atoms, 

phenyl t or 

phenyl mubsti toted with 
chlorine, 
bromine, or 

alkyl of from one to four carbon 
atoms I 
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©ra tfhon Bolton t gcsthQf ^Ith tho eo?b n ot ojb 



O 

Inhere is 
hydrogen^ 

Qlkyl of 2roQ one te four carbon 

OtOQSff 

phenyl 0 or 
b(snsyl(^ or 
a ring denoted by ^ 



where owd Rj^g ore 
hydrogen^ 

oltiyl ®f ffroo oiBQ to ffoor corbon 

OtOQDj, @r 

bensyl; ond 




uherG n So thrGQ or four; 
a ring denoted by 




o ring denoted by 
O 





alkyl of from ne to f ur carbon ot as^ 
cycl pr pyl<7 



•75- 

cycl butySi or 
triflupr nttbyl* 
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k process* In •eeordsnet with Clala l.vhtrtln 



Rl is 

phtnyl, 

phtnyl substitutsd by 
fluerlns, 
chlertnt, 
trinuoroBtthyl, 

slkyl of froB one to four esrbon stoast 
slkoxy of from ono to four carbon stoM, 
or alksnoyloxy of froB two to oifht carbon 



^2 and aro indt psndontly 
hydrogen, 
chlorlnSf 
broBlna# 
phenyl, 

cerboalkoxy of from two to eight carbon stoBS* 
or, vhen taken together with the carbon 



atoms to which they are attached, Rj and R 
form a ring 
denoted by 



X is -CHjCHj-l 



atoBSi 




where n is three or fouri 
a ring denoted by 
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olky^ &Z iK Q onQ to Sour corb n 
0 ring (Senotod by 



Hhero ftg ond ore 

bydrogon o? olCiyl o2 froa one to 
£our eorbon otoao; and 

is 

olhyl of £roa one to Zour carbon atoas, or 
tr i f 1 uo rose thyl » 

process in occordonce tfitb Cloiia l^Hherein 

X is -<^H2^H2-(7 

*1 

phenyl ^ or 

phenyl Dubstituted by 



^luorine^ 

chlorine 

trSZlooroDetbylff 

olCcyl o£ SroQ one to 2our corbon 

OtOQCi^ 

ol&osy o£ i?roD one to (four carbon 

QtQQCf? m 

olCionoylosy o2 2roQ tt:7o to oigbt carbon 

OtODS^ 



independently 
carboaltiosy oZ ?roo ttTo to olgbt carbon 
ot DS mo 
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vh n taken together with the carbon atons to 
which th y ar attached form a ring denoted by 

0 . 




wherein Rg is hydrogen or alkyl of from one 
to four carbon atoms; and R4 is iaopropyl or 
trif luoromethyl • 

A process according to Claim 1, in vjhxdh one: of the 
following ooopounds is prepared : ' trans -6- [2-13,4* 
d ichloro- 2- { 4 -f luorophenyl ) -5- ( 1 -methyle thyl ) - 
IH-pyrrol-l-ylJ e thyl J tetrahydro-4-hydroxy-2H- 
pyran-2*one; 

trans-6-2- 13 , 4-dibromo- 2- ( 4-f luorophenyl } -5- 

(l-methylethyl)-lH-pyrrol-l-yll ethyl 1 tetrahydro- 
4-hydroxy-2H-pyran-2-one ; 

trans- 6-I2-I2-{4-fl uorophe ny 1 ) - 5- ( t r i f 1 uor one thyl ) - 
iH-pyrrol-l-yl ) ethyl 1 tetrahydro- 4-hydroxy-a- 
pyran-2-one; 

trans -d ime thyl 2- { 4 -f luorophenyl ) - 5- ( 1 -methyl - 
e thyl) -l- [2- ( te trahydro-4*hyd roxy-6-oxo- 2B- 
pyran-2-yl )ethyl] -lB*-pyrrole*3, 4-4icarboxylate ? 
trans-6- [2- [2-(4*f luorophenyl-5*methyl-lB«* 
pyrrol-l-yl) ethyl) tetrahydro*4-hydroxy-2H- 
pyran*2-one; 

trans-S-I2-I2-(4-fluorophenyl-5-(l««ethylethyl)- 
1 B-pyr rol- 1-y 1 1 e thyl 1 te trahydro- «-hyd roxy-a- 
pyran-2-one; 

trans-6- I2-12-cyclopropyl-5-(4-f luorophenyl)- 
IH-pyr rol--l-yl ] ethyl 1 tetrahydro- 4-hydroxy-2B- 
pyran-2-onei 

trans-S- 12- 12- (1 , 1-dimethylethyl )-S-( 4 -f luoro- 
phenyl ) -iH-pyrrol-l-yl) ethyl) tetrahyd ro-4- 
liydroxy-2B-pyran-2-on 1 
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^ftonyX J-S-DethyX-aH-pyggoi-i-yXJ Qfchyl J -2H-2-oh(2 1 
ftgons-tGtgohyago-<!-hyi3gony-S-p-i2-C2^<^^hoay- 
pbe ny 1 ) «- 5 - a -dg t hy X g thy 2 } - iH-pygg 1- i-^i J o thy i J - 
5 '2a-pygQn-2-one? 

ftgons-tetgohyflro-^-hyagosyS- p- P-Qethyl-S- 
. J i-naphthffllenyl )-XB-pyggol-l-yllethyll 
pygan-2-onei 

fcgans - 6- 1 2- ( 2-bicyc lo 1 2 o 2 a 1 1 hep- 5-©n- 2-y 1- 5- 
10 Dethyl-lB-pyggol-l-yl)©thylHetgahydgo-fl- 
hyflgoay-2H^-pygan-2-on©^ Qn<3 
trons -6- 1 2- [2- 1 <1 -fluorophenyl ) -5- ( l-oethyl- 
phenyl ) -iH-pyrgol- 1-yl 1 pgopyl 1 tetgahyd go- fl- 
hyagOKy-2H^-pygan-2-on<2 o 
15 9. A process fca: preparing a pharmaceutical 

cxsrposition vihich process ccnprises oairibinij)g a ccnpound 
prepared in acoordanoe'with any preceding claim together 
with a pharmaoeutically acceptable carrier or diluent. 

10. For use in a method of treatment in which 
20 cholesterol biosynthesis in a patient is inhibited, , 
a compound in accordance with any one of Claims 
1 to 8 or a pharmaceutical composition in accordance 
with Claim 9. 



25 



30 



35 



